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INTRODUCTION. 

Building  construction  haa  kept  pace  with  the  progress 
and  development  of  modern  arts  ani   3cif»noe8,   and  has  adapted 
itself  to  the  needs  of  times  and  conditions.     The  building  art 
in  itself  is  of  ancient  origin,   starting  in  times  immemorial 
and  developing  gradually  with  the  progress  and  civilization 
of  the  human  race. 

Buildings  were  erected  to  meet  the  requirements  of 
the  oommunity  or  the  individual,   and  were  classified  according 
to  their  style  of  architeottire.     The  available  building  rcater- 
ials  were  limited  in  number  and  th«»refore  no  atterapt  was  made 
to  classify  buildings  with  respect  to  their  structural  features. 

The  actual  classification  of  various  types  of  building  con- 
struction is  of  comparatively  recent  origin. 

In  the  design  of  a  building,  usage,   economy,    location, 
strength,   diirability,    sanitation  and  fire  protection  must  be 
kept  in  mind.     Definite  types  of  buildings  were  developed  for 
the  different  types  or  Kinds  of  industries,  with  particular 
attention  to  eeononiy  of  operation.     Bach  location  has  developed 
itp  own  type  of  buildings,   based  on  the  materials  available  1^ 
the  i.Taaediate  vicinity. 


The  specialization  of  indAntry  brought  with  it 
definite  requirements  as  to  strength  and  durability  of  the 
materials  entering  into  the  construction  of  industrial 
buildings.  It  also  brought  with  it  definite  requirements 
with  regard  to  the  sanitation  of  th©  builriings  in  its  relation 
to  the  various  naterials  used;  it  being  now  universally  recog- 
nized that  proper  sanitation  will  decrease  the  cost  of  upkeep 
of  the  building  an'!  increase  its  life.  It  also  decreases  the 
cost  of  production,  as  clean  and  light  «irrounding8  increase 
the  productivity  and  efficiency  of  the  operatives. 

The  question  of  fire  protection  has  its  separate 
place  in  the  development  of  industrial  buildings,  beir^  a 
great  economic  factor  in  lowering  insurance  rates  and  lessening 
the  period  of  enforced  idleness  due  to  possible  destruction  of 
the  plant  by  fire. 

The  modern  building  designer  has  at  his  disposal  many 
Tcinds  of  raw  material.  At  his  disposal  are  bricK,  stone,  tile, 
steel,  concrete,  wood,  etc.  The  number  of  these  materials  are 
ao  lar^e  and  varied  that  at  times  it  is  difficult  for  the  design- 
er to  choose  from  them  the  proper  kinds  for  a  definite  type  of 
building. 


Th«  various  typRs  developed  oan  be  rwighly  divided 
into  the  following  clafj^es: 

(1)  Fireproof  Construction. 

(2)  Mill  Construction. 

(2)  Slow  Btirning  Construction. 

(4)  Orftinary  Construction. 

The  Chicago  Buil-iing  Orriinanoe  gives  the  following 

definitions  for  these  elawses: 

yiPEPROOy  C(af«?TRUCTION. 

The  term  "fireproof  construction"  shall  apply  to  all 
buildings  in  which  all  parts  that  carry  weights  or  resist 
stKSins,  and  also  all  exterior  walla  and  all  interior  walle 
and  all  interior  partitions  and  all  stairways  and  all  elev- 
ator enclosures,  are  mad«  entirely  of  incombustible  material, 
and  in  which  all  nwtallie  structural  members  are  protected 
against  the  effects  of  fire  by  coverings  of  a  material 
whicA  shall  be  entirely  incombustible,  and  a  slow  heat 
conductor,  and  hereinafter  termed  "fireproof  material, • 

FIKBPROOP  MATERIAL  -  The  mterials  which  shall  be 
considered  as  filling  the  conditions  of  fireproof  covering 
are:  First,  burned  briclc;  second,  tiles  of  burnt  clay; 
third,  approved  cement  concrete;  fourth,  terra,  cotta. 

SLOW  BURNING  CON  STRUCT  I QM. 

The  term  "Slow-Burning  construction"  shall  apply  to 
all  buildings  in  which  the  structural  members,  other  than 
walls  elsewhere  required  to  be  of  masonry,  which  carry  the 
loads  and  strains  which  come  upon  the  floor  and  roofs 
thereof  are  made  wholly  or  in  part  of  combustible  material, 
btit  throughout  which  the  structural  metallic  raembere,  if 
used,  shall  be  protected  against  injury  from  fire  by  cover- 
ings of  fireproof  material.   The  lower  five  feet  of  metal 
columns  shall  be  protected  as  required  in  Section  34  of 
this  Chapter.   Underside  of  Joists  shall  be  protected  by 
a  ooveriBg  of  three  coate  of  plaster  laid  on  metal  lath; 
and  a  layer  of  mortar  or  other  incombustible  material  at 
least  one  and  one-half  inches  thioK  shall  be  applied  on 
all  floors  and  roof  surfaces  above  the  :joists  of  the  same. 


POSTS,    GIRDERS  AND  PARTITIOHS  -     Wood  popta,    if  n«od, 
9hall  he  of  not  leias   than  one  hundred  square  inchea  sec- 
tional area.     Wopd  girders,   if  used,   shall  be  of  not  less 
than  sevrnty-two  square  inches  Rectional  area.      All  parti- 
tions in  miildings  of  this  typ«  shall  b«  made   entirely  of 
incomhiistihie  material.     Wood  furring,   wooi  studs  and  wood 
lath  nhijll  not  he  permitted  in  buil'iings  of  this  type. 

STAIRS,    OONRTRUOTION   OF  -     Where  buildings  are  required 
to  be  of  •slow-burning  (^onstraction,   all  otairs  in  such 
biiil'ling  shall  be  of  incombustible  material,   except  as 
hereinafter  provided.      Said  stairs  may  be  of  ordinary  con- 
struction,  if  said  building  is  equipped  with  an  autoniatic 
sprinkler  system,   anci   stairs  are  enclosed  in  a  fireproof 
wall. 

ORDINARY   CONSTRUGTIQI-i. 

The  term  "Ordinary  Construction"  means  the  ordinary 
system  of  construction  in  which  timber  and  iron  structural 
parts  are  not  protected  with  fire-resisting  coverings  and 
in  which  the  walls  are  of  i^som^. 


It  Is  our  purpose  in  this  paper  to  discuss  the  type 
of  building  commonly  Known  as  "Kill  (lonstruot«d*. 

The  term  ■Mill  Construction*  in  general  applies  to 
the  type  of  building  where  the  interior  framing  and  floors  are 
of  heavy  timbears,   avoldii^  a  anltlplicity  of  corners  and  con- 
cealed spaces  which  may  not  be  readily  reached  in  case  of  fire. 

This  brings  with  it  one  of  the  chief  advantages  of  a  •mill 
constructe^'btiilding,   namely  that  of  retarding  as  far  as  possible 
the  progress  of  a  fire  from  one  part  of  the  structure  to  the 
oth«r. 
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Tiii3  If?  acnoTipliflhed  by  u<3lng  heavy  solid  maaees  of 
timber  for  th<»  stmjctural  raemb^rs,  f^f^jarating  iiffer^nt  stories 
by  heavy  timber  flooring,  enclosing  all  'Shafts  and.  floor  openings 
with  incombustible  walls,  and  protecting  all  wall  openings  with 
fire  doors  or  wire  glazed  metal  windows. 

Of  the  various  definitions  given  for  the  term  "kill 

Conatrwtion",  the  one  given  by  the  Chicago  Building  Ordinance 

is  the  most  comprehensive.  To  quote  the  ordinance: 

MILL  GONSTRUOTION  BEQUIREMENTS  -  The  term  "Mill  Con- 
struction* shall  apply  to  all  buildings  in  which  wooden 
posts,  if  used,  have  a  sectional  area  of  not  less  than  one- 
hunire4  square  inches,  and  wooden  girders  and  i&ists  a 
sectional  area  of  not  Ipss  than  seventy-two  square  inches, 
and  roofs,  if  of  wood,  a  thicJcness  of  not  less  than  two' 
and  five-eighths  inches  in  a  single  layer,  and  floors,  if 
of  wood,  a  thickness  of  not  less  than  three  an^  one-half 
inches  in  not  more  than  two  layers,  the  lower  one  of  which 
shall  be  not  1*^39  than  two  and  five-eighths  inches  in 
thickness,  and  in  which  all  structural  metallic  rEembers, 
if  used,  are  fireproofed  as  reouired  for  fireproof  corv- 
ntrnction.  When  metallic  lintels  are  used  to  cover  wall 
openings,  tlie  fir*»prooflng  on  the  underside  may  be  omitted 
where  such  lintels  are  fireproofed  on  thR  other  three  aides 
and  all  voids  in  thein  are  filled  solid  with  fireproof 
material.  All  floors  and  roofs  not  constructed  as  above 
shall  be  of  i*ireproof  construction  as  elsewhrre  required 
for  fireproof  construction  in  this  ordinance. 

yiREPHOOPIHG  -  (a).  Partitions  in  buildings  of  mill 
construction  shall  be  made  entirely  of  incombustible 
material.  If  iron  columns,  girders  or  beams  are  used  in 
buildings  of  this  type,  they  shall  be  protected  as  speoi- 
fied  in  this  chapter:  but  the  wooden  posts,  girders  and 
joists  need  not  be  .protected  by  fireproof  covering.  Wood 
furring,  wood  studs  and  wood  lath  shall  not  be  perrtitted 
in  buildings  of  this  type. 

// 


?IPSPPOO?rHG  -  ih).   If  reiruforoed  cinder  concrete 
eongtnwtion  is  used  in  the  «trwntural  parts  of  a  i^uildlng 
which  is  required  to  be  of  Rlow-hurning  or  mill  construc- 
tion by  thin  chapter,   then  all  partitions  shall  he  of 
ineomhustihle  material  and  all  parts  other  than  structural 
parts  and  partitions  of  the  huilding  shall  he  as  required 
for  sloTsr-burning  or  mill  construction  buildings  by  this 
chapter, 

STAIR   rjONSTRUCTION   WHERF   AUTOMATIC   SPRINKLER   SYSTEM 
IS  IKSTAIiliED  -     In  buildings  required  to  be  of  "mill  oorw 
etruction,  *  all  fttairs  in  9U<*>  buildings  shall  be  of 
'•incombuptible«»inaterial,   except  as  hereinafter  provided. 

Said  etairs  nay  be  of  wood  construction  if  saii  building 
is  equipped  with  an  automatic  sprinXler  system  and  stair« 
*re  enclosed  in  a  fireproof  wall. 


To  f\irther  illustrate  ^at  1^  mt»ant  by  "Mill  Oonstruc- 
tion»,   and  to  clear  up  all  calsconceptions  regarding  the  «ain«, 
the  following  extract  from  Report  Ho.    5  of  the  Insurance  Engin- 
eering SMperiiuRnt  station  of  the  Boston  Manufacturer 8*   Mutual 
?ire  ln<»tiranoe  company  will  be  given: 

•Mill-construction  does  not  consist  in  disposing  of  a 
given  quantity  of  materials  so  that  the  whole  Interior  of 
a  builiing  becomes  a  series  of  wooden  cells:   being  pervaded 
with  concealed  spaces,   either  directly  connected  each  with 
the  other  or  by  cracKs  through  which  fire  may  freely  pass 
where  it  cannot  be  reached  by  water. 

It  does  not  consist  in  an  open-timber  construction  of 
floors  and  roof  resembling  mill-construction,   but  of  light 
and  insufficient  size  In  tlrabcr,   and  thin  planKs,  without 
fire-stops  or  fire-guards  from  floor  to  floor. 

It  does  not  consist  in  connecting  floor  with  floor  by 
oorobustible  wooden  stairways  encased  in  wood  less  than  two 
inches  thick. 


It  ftoes  not  confjist  in  putting  in  v«ry  nuin«roua 
diviRions  or  partitions  of  light  wood. 

It  f!o«^«  not  eon>«iRt  in  permitting  t>i«"  un«  of  varnish 
upon  woodv;orK  over  "^hich  a  fire  will  pass  rJipiily. 

It  iopf?  not  consigt  in  If^aving  rrin'lows  expof?ed  to 
adjao«nt  buildings  unguarded  by  firfi-flhutters  or  wired 
glass. 

It  is  dangj-rous  to  paint,   varnish,   fill  or  <"ncaBe 

heavy  timbers  and  thiok  planK  as  they  arc  customarily 

delivered,    lent  what  is  nailed  dry-rot  f?hould  be  caused 

for  laex  of  ventilation  or  opportunity  to  Reason, 

It  does  not  consist  in  leaving  pven  the  beat-construc- 
ted building  in  which  dansrfrouB  occupations  pr**  followed 
without  automatic  f=¥irinkl«r8,   and  without  a  complete  and 

adequate  equipiaent  of  puisps,   pipes,   ani  hydrants. 

It  follows  that  if  plastering  is  to  be  put  upon  a 
ceiling  following  the  l-^nc  of  the  underside  of  the  floor 
ani   the  timber,    it  <4iould  be  plain  li.'ne-mortar  plarstering 
which  is  sufficiently  porous  to  permit  seasoning.     The 
addition  of  th<*  skira-coat  of  lime-putty  is  hazardous, 
especially  if  the  top  floor  is  laid  upon  resin-sized  or 
asphalt  paper.     This  male  applies  to  almost  all  tijnber  as 
now  delivered. 

All  the  faults  above  recited  have  been  comiEitted  in 
buildings  pixrporting  to  be  of  mill  conn  true  tion,   and  all 
form  a  part  of  the  connnon  practice  in  •combustible  archi- 
tecture* . " 


A  very  general  an^  most  universally  accepted  defini- 
tion of  Mill  construction  applies  to  buildings  where  all  floor 
and  roof  foists  and  girders  have  a  sectional  area  of  at  least 
72  sqiiare  inches,    timber  flooring  not  less  than  3-1/2  inches  in 
thickness,  wooden  posts  at  least  100  square  inches  in  area,   and 
roof  boards  not  less  than  5  inches  thick. 


The  mill  constructed  type  of  miildings  orif:inated 
with  the  cotton  mills  of  Eiigland,  in  the  early  r;tag»«  of  that 
industry.  Ita  develop.iient  is  marked  by  well  df^fined  steps 
which  can  toe  ascribed  to  certain  definite  factors. 

In  the  early  period  of  factory  development,  mills 
were  located  near  the  only  source  of  power  then  available, 
namely  -  m  running  stream  of  water.  Although  the  river?*  umaally 
had  a  fjonstant  and  considerable  flow,  yet  the  power  available 
after  being  transmitted  by  the  primitive  water  wheel  was  very 
limited.  Due  to  this  laoK  of  mifficient  power,  care  had  to  b« 
taKen  to  have  all  the  csachinerv  located  as  near  the  source  aa 
possible,  in  order  to  reduce  friction  and  transmission  losses. 

As  a  result,  the  mills  were  narro-?r,  low  and  of  light  construc- 
tion. 

The  discovery  of  steam  as  a  motive  power  revolutioniBed 
the  cotton  industry  an^  broitf^ht  v?ith  it  nrw  methods  of  manufac- 
ture, nexr  and  hi5avier  machinery,  and,  what  is  most  important, 
made  pos^^ible  the  location  of  raiJle  at  any  .convenient  place. 

This  meant  larger  and  heavier  btiildings  to  house  this  machin- 
ery, and  more  solid  buildings  to  taKe  the  vibration  caused  by 
the  new  and  as  yet  crude  power  machines.  This  laid  the  foun- 
dation for  the  modern  mill  constructed  building, 
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Ha»raith,   In  his  booK  "Ruo^nt  Cotton  Mill  Construction  a&yn: 

•Generally  speaKing,   the  English  mills  of  1825-1865 
era  wp-re  construf5t«id  with  wooden  floors,   supported  on 
transverse  wooden  beams,   orossed  by  longitudinal  joists, 
and  the  whole  floor  was  thus  a  hollow  timber  construct- 
ion of  an  exceedingly  inflaiamlble  character." 


The  year  1870  saw  the  establishnwnt  of  joint  stocX 
companies,  which  greatly  increased  and  extended  the  cotton 
industry.     This  led  to   the  use  of  large  machines  and  larger 
buildings  to  house  them,  with  the  consequent  increase  of 
window  ffpaoe  and  hi^er  ceilings.     The  design  of  industrial 
buildings  from  this  period  up  to  the  present  day  has  been 
governed  by  the  following  conditions: 

(1)  The  increased  competition  due  to  economic  causes. 

(2)  The  improvement  of  machinery. 

(5)  The  choice  of  building  materials. 

As  competition  b«^an  to  play  an  important  part  in 
the  development  of  the  cotton  industry,  ways  and  means  had 
to  be  devised  to  utilize  the  full  working  power  of  the  oper- 
atives.    This  ebuld  only  be  accomplished  by  the  use  of  larger 
and  better  machinery,   as  a  help  to  labor. 

The  inventive  genius  of  the  machinist  keeping  up 
with  the  requirements  of  the  times  produced  the  necessary 
machinery,   of  larger  size  and  capacity. 


^w 


In  order  to  aceomodat*  these  larger  maehln«B, 
auitable  buildings  had  to  be  erected,  yet  Ke<»ping  the  cost 
of  such  of  suoh  buildings  an  low  aa  poaaibl©,   to  reduce  the 
overhead  charge  on  the  output. 

This  was  brought  about  by  the  introduction  of  new 
building  n«terials  and  iiaproved  facilities  for  obtaining  and 
transporting  the  other  building  materials. 

The  availability  of  building  materials  has  a  great 
effect  on  the  reailting  type  of  buildings,     Ihia  can  be  best 
Illustrated  by   the  difference  between  the  cotton  mills  of 
our  country  and  those  of  the  Engliali  proto-type. 

The  abundance  of  good  structural  timber  in  this 
country  enabled  the  mill  owner  to  utilize  it  to  advantage 
for  construction  purposes,  gradually  developing  the  modern 
American  type  of  mill  constructed  building.  On  the  other 
hand,  the  Sngli*i  mill  builders,  having  but  a  limited  supply 
of  building  timber,  and  a  large  supply  of  iron,  developed 
their  present  fireproof  type  ©f  mill  buildings. 


UTILITY. 

Ttrn  rndftrn  mill  ooriRtructPd  type  of  btiiliing  in  UB«d  for 
a  great  many  purposes  other  than  cotton  mills.     It  is  used  for 
factories,  warehouses,    shop  buildings,   etc. 

There  are  many  reasons  for  using  this  type  of  building 
for  commercial  parposee,   namely: 

(a)  Ability  to  fasten  and  .suspend  machinery  and 
shafting  and  rearranging  same  with  the  least  trouble  and 
expense. 

(b)  Reduced  chance  of  delay  of  operation  due  to 
machinery  and  shafting  getting  out  of  aligmnent,   accom- 
plished by  th#»  rigidity  of  this  type  of  construction. 

(e)     Its  ability  to  support  heavy  superimposed  loads 
on  all  floors. 

(d)  The  use  of  heavy  timbers  permit  large  spans 
allowing  the  placing  and  storage  of  bulky  merchandise 
and  machinery.     Large  spans  also  enable  factory  opera- 
tions not  otherwise  possible,   aril  cheapen  the  cost  of 
handling  merchandise. 

(e)  Certain  classes  of  merchandise  are  very  sus- 
eeptable  to  dangonsss  and  cannot  be  stored  in  any  but 
absolutely  dry  buildings.     Mill  constructed  buildings 
answer  these  specifications  to  a  high  degree. 
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(f )  Mill  conatrunted'  buildings  employing  heavy 
timber  fraraing  and  -flteel  lintels  maX«  possible  the  use 
of  very  large  windows  extending  from  pier  to  pier  and 
to  ceiling,    thuR  admitting  a  raaxiisum  amount  cxf    light. 

(g)  The  capacity  of  this   type  of  building  to  adapt 
iteelf  to  changed  conditions  and  requirements  of  occupancy 
by  being  easily  rebuilt  or  remodelled. 

?rom  the  above,    it  can  readily  be  seen  that  a  typ« 
of  building  having   these  characteristics  is  well  suited  for 
factory  and  shop  purposes,     tit  it  mafces  possible  th*^  moving 
and  rearranging  of  machinery  or  equipment  from  one  place  to 
another,  without  aaieh  trouble  or  expense. 

Steel  or  iron  post  caps,  heavy  timbers,  solid  floors, 
all  tend  to  ire^e  towards  rigid  construction,  thus  reducing  wear 
and    tear  on  niaohlnery  due  to  vibration  of  the  building. 

A  light  and  sanitary  building  increases  the  product- 
ivity of  the  employes  and  raakes  for  a  better  and  mcxre  contented 
worker. 

The  chief  requisite  for  a  warehouse  is  its  ability  to 
carry  heavy  and  bulXy  loads  in  clean  and  damp-proof  surroundings. 

This  is  best  acconipliBhed  in  a  mill  constiucted  build- 
ing, with  its  heavy  timber       framing,   d<»signe4  to  carry  any 
desired  load,   and  with  spans  of  sufficient  length  to  economic- 
ally store  rof^rchanil  se. 
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Mill  constructed  buildings  are  well  adapted  for  other 
purposes,  ^su*  qs  stores,  office  buildings,  school  houaea,  min« 
buildings,  fltables,  etc. 


MATERIALS  USFD. 

TISiBFR. 

Among  the  stivctwral  materials  ufsed  in  a  mill 
constructed  building  are  wood,    stefll,   oa«t    iron,  bricX, 
concrete,   etc.,   all  of  which  have  certain  Qpeoifie  attrib- 
utes to   reconinjend  them  to  the  designer. 

It  is  fre^niently  a  probl«n  to  determine  whid\ 
material  to  use  for  any  one  part,   and  only  the  aKill  and 
experierwe  of  the  designer  will  decide  what  inat«rial  anall 
be  used.     The  choice  of  mato'ials  will  depend  upon  'ttie 
availibility  of  the  material  in  the  locality  where  the 
building  ifl  being  erected,   ease  of   transportation  and  the 
prevailing  marXet  prices. 

One  of  the  most  iisportant  materials  used  in  a  mill 
constructed  building  is  wood.     America  is  distinctly  a  wood 
uning  nation.     Our  annual  consunsption  of  timber  is  between 
forty  and  fifty  billion  feet,   which  means  about  three  hundred 
cubic  feet  per  capita  per  year.     In  thi«  connection  it  is 
interesting  to  note  that  England  uses  only  fifteen  cubic  feet 
per  capita  per  year. 

Thero  are  ciany  ttinds  of  wood  used  for  conatioustion 
purposes,   such  as  Yellow  Pine,   Douglas  Fir,  White  Pine,   Hemloofc, 
cypress,   etc.     The  suitability  of  timber  for  construction  pur^ 
poses  depends  most  of  all  upon  the  internal  structure  of  the 

wood,  i.  e. ,  texture  and  grain. 


The  ppop«rtie8  of  wooi  are,   atrength,   nlasticity, 
density,    toughn#««,  hardness,   eleava>5iHty,   shrinKaj^e,   ete. 

The  most  widely  us«d  stpuctiiral  timber  in  this  part 
of  thft  country  is  yellow  pin».     The  atverage  annual  cut  of 
coniferous  wood  in  the  United  States  is  thirty  four  billion 
feet,  board  laeasure,  which  is  76  per  cent,   of  the  total  cut, 
including  the  hardwoods.     Of  the  coniferous  woods  cut,   the 
Southern  Yellow  Pines  amount  to  257  per  cent. ,   or  about  four 
times  as  ranch  as  the  most  plentiful  competing  wood. 

The  commonly  Known  varieties  of  Yellow  Pine  are: 

(1)  Long  Leaf. 

(2)  Short  Leaf. 
(S)  Loblolly. 

The  predominating  species  of  these  woods  are  the 
long  leaf  pines.   In  1912  there  were  2S2  billion  feet  of 
long  leaf,  and  152  billion  feet  of  shortleaf  and  loblolly, 
maKin^  a  total  of  6S4  oillion  feet  of  standing  timber  in  the 
Southern  pine  region;  cypress  40.4  billion  feet;  and  all 
hardwoods  together  209  billion  feet. 

The  division  of  Yellow  Pines  into  Long  Leaf,  Short 
Leaf,  Loblolly,  etc.,  was  originally  based  on  the  botanical 
characteristics  of  the  timbers.  They  are  described  as  follows: 

Long  leaf  yellow  pine  is  resinous,  fine  grained,  and 
averages  about  4S.7  pounds  per  cubic  foot  of  heart  wood. 


Short  l«af  y#»lloif?  pine  is  raedium,  coarsrt  grained, 
has  a  very  «mall  percentage  of  re^in,  and  averages  about  ?8 
pounds  per  cubic  foot  of  heart  wood. 

Loblolly  pine  if?  ooar«e  grained,  light  weight, 
averaging  about  S4  pounds  per  cubic  foot,  is  not  very  reninous, 
and  has  a  small  percentage  of  heart  wood. 

AB  the  timber  industry  grew  in  volume,  the  terni« 
•long  leaf*  and  "abort  leaf  began  to  be  used  as  terms  descrip- 
tive of  quality  rather  than  of  botanical  species.  Thus,  "long 
leaf  pine*  was  used  for  all  timber;?,  mch  a«  botanical  ehort 
leaf,  Cuban,  or  long  leaf,  grown  under  such  eonditlone  that 
it  prodtioeB  a  large  percentage  of  hard  suinm«r  s-ood,  so  nn   to 
be  equivalent  to  the  word  proAieed  by  true  botanical  "long  leaf", 

"Short  leaf  pine",  in  turn,  wuld  cover  all  varieties  of  pin© 
grown  under  conditions  producing  a  wood  equivalent  to  botanical 
short  leaf  pine. 

The  most  desirable  species  of  yellow  pine  for  struc- 
tural purposes  is  trr^e  long  leaf  pine,  but  of  recent  years  the 
average  engineer,  architect  or  other  buyers  of  large  ouantitiea 
of  Southern  yellow  pine  found  their  shipments,  bought  under 
specifications  calling  for  long  leaf  pine,  to  be  a  mixture  of 
long  leaf,  short  leaf,  loblolly,  etc.  It  In   very  difficult  to 
tell  the  difference  between  the  species,  and  endless  disputes 
would  arlae  between  th#  seller  and  the  buyer. 
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Th«  writera  time  and  again  haci  occasion  to  reject 
large  shipments  of  lumber,  because  of  its  inferior  quality. 

Yet,  this  timber  was  bought  un^l^r  "long  leaf  requirements, 
and  the  fferviceg  of  experts  wer*  frequently  requiref!  to  d-^'ter- 
isine  thp  tmc   species  of  the  wood.  In  our  case,  it  was  neces- 
sary to  send  samples  of  timber  delivered  to  the  job,  to  the 
United  states  Forest  Products  Laboratory  at  Madison,  Wisconsin, 
to  determine  by  microscopical  analysis  the  tnie  species  of  th« 
wood. 

This  clearly  illustrates  the  difficulty  of  obtaining 
proper  structural  yellow  pine,  even  by  the  experienced  buyer 
or  engineer.  The  inexperienced  user  was  supplied  with  Inferior 
timber,  with  the  consequ<^nt  early  and  extensive  deterioration 
of  the  building. 

It  was  finally  recognised  by  the  manufacturers  and 
conRuraers  of  Southern  yellow  pine,  that  a  more  simple  method 
for  classifying  various  kinds  of  Southern  yellow  pine  for 
structural  piorposes  was  necessary,  which  would  tend  to  end 
all  disputes  as  to  the  different  grade  of  timbers.   Pealizing 
this  condition,  the  United  states  Forest  Service,  the  American 
Society  for  Testing  Materials  and  the  various  Southern  Yellow 
Pine  Associations  actively  cooperated  for  the  purpose  of  find- 
ing «ome  method  for  distinpxi*  ing  the  various  classes  of  pln« 
for  structural  purposes. 


The  Arnftrican  society  for  Testing  Materials  marie  hoim 
«mg,p:estionR  along   these  llne«  in  1909,   propo?»ing  the  graiing  of 
timher  based  on  the  number  of  annual  growth  rings  per  inch. 

Investigations  carried  on  by  th«  United  States  ?orest  Service 
during  tn«  succeeding  five  years  indicated  that   this  basia  for 
elaeflifieation  was  not  clear  enough  and  could  not.    be  d^gp ended 
upon  as  a  basis  for  structural  requirements. 

In  1914  the  Forest  Service  conducted  a  very  •xtensive 
series  of  invef*tigations  to  dpteriaine  the  relationship  between 
the  number  of  rings  per  inch,    the  percentage  of  aummcr  wood, 
the  degree  of  contrast  between  the  sumrcer  and  spring  wood  and 
its  strength.     The  result  of  these  investigations  was  the 
recommendation  by  the  Forest  Service  of  a  series  of  rules  to 
be  used  as  a  standard  in  classifying  timber.     In  drawing  up 
such  rtiles  to  cover  a  higher  grade  of  structural  timber  than 
was  generally  supplied  to  the  marKet,   the  first  condition 
must  be  that   such  rules  will  exclude  practically  all  material 
that  should  not  be  used  in  building  construction,   with  th« 
fiber  stress  recommended  for  th«  grade.     The  next  condition 
nMst  be  that  «uch  niles  will  not  exclude  rcore  than  a  reason- 
able amount  of  material  properly  belonging  to  the  grade  from 
the  standpoint  of  strength. 

The  new  rules  as  adopted  by  th»  American  Society  for 
Testing  Materials  are  as  follows: 


DEFINITION  FOR  SQTJTHEPJt  ITELLOW  PINE. 
(Aoloptefi  and  Copyrighted  by  tJm 
American  Society  for  Testing  Materiale, 
August,  1915,) 

Southiitrn  Yellow  Pine.-  Thi«  term  includes  the  species 
of  yellow  pine  growing  in  the  Southern  States  froro  Virginia 
to  Texas,  that  is,  the  pines  hitherto  known  as  longleaf  pine 
(Pinus  palustris),  short leaf  pine  (Pinus  eehinata),  loblolly 
pine  (Pinus  taeda),  Cuban  pine  (Pinus  heterophylla)  and  pond 
pine  (Pinus  serotina). 

Under  thie  heading  two  classes  of  timber  are  desig- 
nated: (a)  dense  Southern  yellow  pine  and  (b)  sound  Southern 
yellow  pine.  It  is  understood  that  these  two  terms  are  descrip- 
tive of  quality  rather  than  of  botanical  species. 

(a)  Dense  Southern  yellow  pine  shall  show  on  either 
end  an  average  of  at  least  six  annual  rings  per  inch  and  at 
least  one- third  aunioer  wood,  or  else  the  greater  number  of  the 
rings  shall  show  at  least  one- third  sumnaer  wood,  all  as  raeasCired 
over  the  third,  fourth  and  fifth  inches  of  a  radial  line  from 
the  pith.  Wide-ringed  material  excluded  by  this  rale  will  be 
acceptable,  provided  that  the  amount  of  sumtuer  wood  as  above 
measured  shall  be  at  least  one-half. 
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PgyiNITIQM    yOR  SOUTHERK  YThhOW  PINE-(contlnued) 

The  contrast  in  color  between  suramer  wood  and  spring 
wood  shall  be  «harp  and  the  f^ummer  wood  shall  be  dark  in  color, 
except  in  pieces  having  considerably  above  the  rainiimira  require- 
ment for  suiTirner  wood. 

In  canes  where   timbers  do  not  contain  the  pith,   and 
it  is  impossible  to  locate  it  with  any  degreo  of  accuracy,    the 
same  inspection  shall  be  made  over  S  in,   on  an  approximate 
radial  line  beginning  at  the  edge  nearest   the  pith  in  timbers 
over  S  in.    in  thickness  and  on  the   second  inch  (on  the  piece) 
nearest  to  the  pith  in  timbers  S  in.   or  less  in  thickness. 

In  dimension  material  containing   the  pith  but  not  a 
5  in.  radial  line,  which  is  less  than  2  by  8  in.    in  section 
or  less  than  8  in.    in  width,    that  does  not  show  over  16  sq*   in. 
on  the  cross  section,   the  inspection  shall  apply  to  the  second 
inch  from  the  pith.     In  larger  material  that  does  not  show  a 
r  in.   radial  line  the  inspection  shall  apply  to  the  three 
inches  farthest  from  the  pith. 

The  radial  line  chosen  shall  be  representative.   In 
case  of  disagreement  between  purchaser  and  seller  the  average 
su Timer  wood  and  number  of  rings  shall  be  the  average  of  the  two 
radial  lines  chosen. 

(b)     Sound  Southern  yellow  pine  shall   include  pieces 
of  southern  pine  without  any  ring  or  summer  wood  requirement. 
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(In  this  connection,  general  timber  specifications 
were  adopte<i  by  the  various  Yellow  Pine  AssociationB,  to  serve 
as  a  stan<1ard  for  specifying  anrt  grading  timber.  These  speci- 
fications are  herewith  quoted: ) 

GmyPAL  TIMBER  SPEOiyiCATIONS. 
All  timber  except  No.  1  Coraraon  nust  be  free  from 
defects  such  as  ln;}«rious  ring  or  round  shakes,  and  through 
shaXes  that  extend  to  the  surface;  unsoiind  and  loose  knots, 
and  knots  in  groups  that  will  materially  impair  the  strength. 
Seasoning  checks  and  discolored  sap  shall  not  be  considered 
defects  in  any  grade. 

KKQTS.  -  Knots  shall  be  classified  as  round  and  spike  in 
form,  arrt  for  quality  as  sound,  encased,  loose  and  unsound, 

A  rounrl  knot  is  oval  or  circular  in  form. 

A   spike  knot  is  one  sawn  in  a  lengthwise  direction. 

A  so^3nd  knot  is  one  r^olid  across  its  face,  in  as 
hard  as  the  wood  which  surrounds  it,  may  be  either  red  or  black, 
aiKl  fixed  by  growth  or  position  so  that  it  will  retain  its 
place  in  the  piece. 

An  encased  knot  is  one  whose  growth  rings  are  not  inter- 
grown  and  homogeneous  with  the  growth  rings  of  the  piece  it  is 
in-  The  encasement  may  be  partial  or  complete;  if  intergrown 
partially  or  so  fixed  by  growth  or  position  that  it  will  retain 


GCTBRAL  TlilByR   SPKCIPICATIONS-foontlnupri ) 

its  place  In  the  piece,    it  shall  be  considered  a  sound  knot;    if 

completely  intepgrown  on  one  face,   it  is  a  watertight  Knot. 

A  loQge  Knot  is  one  not  held  firmly  in  place  by  growth  or 
position. 

An  unsounrj  Knot  is  one  not  as  hard  as  the  wood  surround- 
ing it,   or  one  having  a  hole  in  it. 

W>fliE.   -       Wane  is  barK  on  the  corner  of  the  piece,   or  the 
absence  of  the  corner, 

SHAKFS.   -  shaKes  are  cracKs  appearing  on  the  ends  of 
timbers,   either  intersecting  the  annual  growth  rings  or  separ- 
atlT^  the  same.     They  shall  be  classified  as  ring  or  round 
ShaKes  and  through  shaKes. 

A  ring  or  round  shaKe  is  an  opening  between  the  annual 
rings. 

A  through  ShaKe  is  one  extending  from  the  region  of 
the  center  to  the  surface  of  the  piece  or  extending  between  two 

faces. 

ShaKes  not  hereinbefore  described,  unless  Known  to 
have  extensive  penetration,  shall  not  be  considered  a  defect 
under  this  classification. 

SIZFS.   -     All  rou^   timber,   except  No.    1  Oonsmon,   raust  be 
full  size  when  green.     One-quarter  inch  shall  be  allowed  for 
each  side  surfaced. 


GiUKRAL  TItfBgR   SPRqiFIGATIONS-f continued) 

LHJGTfls.-  Standard  lengths  are  multiple*  of  two  feet, 
eipht  to  twenty  feet,    inolUBlve;    extra  lengths  are  multiples 
of  two  feet,   twenty  two  feet  and  longer.     ^Tien  lineal   average 
is  specified,   standard  of  lengths  shall  be  laultiples  of  one  foot. 

GRAD3BS   OF   TIMBERS- 
HEART  TIKBFRS.-All  tiffiber  epeoifications,   except  "Merchant- 
sble»     specifying  heart  requirements  shall  be  con-^lderei  as  a 
special  contract,   an.i  ^hall  specify  whether  the  heart  require- 
raents  refer  to  cubical  contents  or  surface  iceasurements  in  each 
pi^ce, 

NO.   1     cOMk^ON  TIMBERS.     May  be  either  Dense  or  Sound  Pine. 
CJojumon  timbers,  rough  4x4  and  larger,   shall  be  not  more 
than  1/4  in,   scant  at  any  point  when  green,   and  be  well  manu- 
factured and  aiay  have  I-1/2  in.   wane  on  one  corner  one-third 
the  ler^th  of  the  piece,   or  its  equivalent  on  two  or  more 
corners;    the  wane  measured  on  its  face. 

Timbers  10  x  10  in  size  may  have  2  in.  wane  as  above;   the 
larger  sizes  may  have  wane  as  above  in  proportion  to  sizes. 
The  diameter  of  any  one  knot  shall  not  exceed  2  in,   in 
4  X  4  to  6  X  6;     2-1/2  in.   in  6  x  8  to  8  x  10;     S  in.   in  10  x  10 
to  10  X  12:     3-1/2  in.   in  12  x  X2  to  12  x  14;     4  in.   in  14  x  14 
to  14  X  16;      4-1/2  in.    in  16  x  16  to  16  x  18,     In  sizes  not 
mentioned  the  diameter  of  knots  admissible  will  increase  or 
decrease  in  proportion  to  the  size  of  the  timbers  on  same  basis 
as  above  specified. 


GSHliiBAL  TIi/fB3^:R  SPgCiyiCATIONS-(continued) 

In  fletepinlning  the  size  of  knots,  mean  or  average  diameter 
shall  be  talcen,   or  the  erjuivaient  of  the  above  in  grouped  Knote 
at  any  one  point,      shakes  one-sixth  the  length  of  the  piece, 
small  unsound  knots  and  a  limited  number  of  pin-worm  holes,  well 
scattered,   are  admissible, 

SQUAPB-gPGF  AND  SOTJNP  TIMBFRS.   -     May  be  either  Dense  or 
Sound  Pine, 

SQuare-edge  and  sound  timbers  shall  be  well  raaimfaotured 
and  conform  to  the  General  Timber  Specifications,   admitting 
sound  knots,   and  shall  be  free  from  wane, 

MgROHAKTABLS  TIMBERS.  -  May  be  either  Dense  or  Sound  Pine. 

All  merchantable  timbers  shall  be  well  mamifaotured  and 
conform  to  the  General  Timber  Specifications, 

Sizes  under  9  in.    on  the  largest  dimension,   shall  show  two- 
thirds  or  more  heart  surface  on  one  of  the  wide  faces;      sizes 
9  in,   and  over  on  the  largest  dimension  shall  show  two-thirds 
or  more  heart  on  both  of  the  wide  faces.     When  sticks  are  square 
the  face  showing  the  most  heart  shall  govern  the  inspection  on 
sizes  under  9  in, ,   and  the  two  faces  showing  the  most  heart 
shall  govern  the  inspection  when  9  in.    and  over.     Heart  showing 
the  full  ler^th,   even  if  not  two-thirds  of  the  area  as  above, 
shall  meet  the  requirements  of  this  quality. 

Wane  not  exceeding  one-eighth  of  the  dimension  of  the  face 
and  one-quarter  of  the  length  of  the  piece  on  one  corner,   or 
the  equivalent  on  two  or  more  corners  on  not  to  exceed  ten  per- 
cent of  the  pieces,   shall  be  admitted,       -:-  -:-        "'" 
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In  this  connection  the  Influence  of  Itnots,  checks, 
flhekes  and  crooXed  grain  on  the  strength  of  structural  tiartjep 
ehould  be  taken  up,  as  it  is  a  very  iraportant  item  in  the  design 
of  timber  atruotupes.  The  most  dangerous  knots  in  a  beam  from 
the  standpoint  of  strength  are  those  on  the  lower  side  near  the 
middle  of  the  span.  The  next  most  dangerous  knots  are  those  on 
the  uppfsr  side  near  the  middle  of  the  span.  Knots  along  the 
center  line  of  the  height  of  the  beam  in  general  have  but  little 
effect  on  the  ptrength. 

Checks  and  shakes  have  a  greater  or  less  weakening 
effect  according  to  their  proximity  to  the  center  horizontal 
plane,  due  to  their  tendency  to  weaken  the  ability  of  the  beam 
to  resist  horizontal  shear.  The  effect  of  crooked  grain  on  the 
strength,  depends  on  its  degree,  and  like  knots  it  is  most 
serious  near  the  center  of  the  beam  on  the  lower  side. 


I. 


STEEL. 

Steel  is  used  in  certain  types  of  mill   buildings, 
for  floor  girders,  eolaiiins,  post  caps,  lintels,  etc.  Where 
floor  loads  are  heavy  and  spans  long,  or  where  headroom  is  an 
important  factor,  steel  girders  are  often  used  instead  of 
timber  glrd'^rs.  This  was  especially  true  several  years  ago 
when  the  cost  of  steel  was  comparatively  low  and  delivery 
certain. 

Where  framing  has  to  be  provided  to  support  masonry 
walls,  cr  where  exposed  to  weather,  steel  columns  and  beams 
are  used,  both  to  reduce  size  of  members  and  to  give  a  more 
rigid,  weatherproof  and  fireproof  structure. 

In  standard  mill  construction  ¥*if-rever  steel  columns, 
girders  and  beams  are  used,  they  are  fireproof ed  by  encasing 
them  in  concrete,  tile,  bricK  or  some  other  fireproof  material. 

The  Chicago  Puilding  Ordinance  requirements  for  fire- 
proofing  are  very  complete  and  illustrate  the  best  practice 
along  these  lines: 

(OOLIJMHS  -  EXTKRIOR)  - 

(a)  All  iron  or  steel  used  as  vertical  supporting 
member  of  the  external  construction  of  any  building 
exceeding  fifty  feet  in  height  shall  be  protected  against 
the  effects  of  external  change  of  temperature,  and  of  fire 
by  a  covering  of  fireproof  material  consisting  of  at  least 
four  inches  of  brick,  hollow  terra  cotta,  concrete,  burnt 
clay  tiles,  or  a  combination  of  any  two  of  these  materials, 
provided  their  combined  thicKness  is  nctt  less  than  four 
inches.  The  distance  of  the  extreme  projection  of  the  metal, 
where  such  metal  projects  beyond  the  face  of  the  column, 
shall  be  not  less  than  two  inches  from  the  face  of  the  fire- 
proofing;  provided  that  the  inner  side  of  the  exterior  col- 
umns shall  be  fireproofed  as  hereinafter  required  for 
interior  columns. 
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STFFL  -   (oontinuei) 

(COLUMNS  -   lCXT.lgP-IOR)--f>ontlnijffd_ 

(b)  Where  stone  or  other  indoabuntible  material  not 
of  the  type  fleflned  In  this  ordlnanoe  as  fireproof  material 
is  used  for  the  exterior  farjing  of  a  building,  the  diatanoe 
between  the  back  of  the  facing  and  the  extreme  projection 
of  the  xetal  of  the  column  proper  shall  be  at  least  two 
inches,  and  the  intervening  space  shall  be  rilled  with  one 
of  the  fireproof  materials. 

(c)  In  all  cases,  ithe  bricX,  burnt  olay,  tile  or 
terra  cotta,  if  iised  as  a  fireproof  covering,  shnll  be 
bedded  in  cfsipnt  mortar  close  up  to  the  iron  or  steel  mem- 
bers and  all  joints  shall  be  made  full  qnd  solid. 


(a)  covering  of  interior  -•olunms  shall  consist  of 
one  or  more  of  the  fireproof  materials  herein  described. 

(b)  If  such  covering  is  of  bricK  it  shall  be  not  less 
than  four  inches  thick;  if  of  concrete,  not,  less  than  three 
inches  thick;  if  of  burnt  clay  tile,  such  covering  shall  be 
in  two  consecutive  layers,  each  not  leas  than  two  inches 
thick.,  each  having  one  air  space  of  not  less  than  one-half 
inch,  aM  in  no  such  burnt  clay  tile  shall  the  burnt  clay 
be  less  than  five-ei,^hths  of  an  inch  thick;  or  if  of  porous 
clay  solii  tiles,  it  ahall  consist  of  at  least  two  consec- 
utive layers,  each  not  less  than  two  inches  thick;  or  if 
constituted  of  a  combination  of  any  two  of  these  materials, 
one-half  of  thp  total  thickness  required  for  each  of  the 
materials  shall  be  applied,  provided  that  if  concrete  is 
used  for  such  layer  it  shall  not  be  less  than  two  inches 
thick. 

(c)  In  the  fwse  of  columns  having  an  »H"  shaped  cross- 
section  or  of  columns  having  any  other  cross  section  with 
channels,  or  chases  open  from  base  plates  to  cap  plates  on 
one  or  more  sides  of  the  columns,  then  the  1h  ickness  of  the 
firf^proof  covering  may  be  reduced  to  two  and  one-half  inches, 
measuring  in  the  direction  in  «rtiich  the  flange  or  flanges 
project,  and  provided  that  the  thin  edge  in  the  projecting 
flange  or  arms  of  the  cross  sections  does  not  exceed  three- 
quarters  of  an  inch  in  thickness. 


STEEL  -  (continued) 

(COLUMNS  -  INTKHIQR)- ( cont inued ) 

(o)-(contim3ed).     The  thicKnes:^  of    th3  fireproof  cover- 
ing on  all  surfaces  meafoiring  nwre  then  three-quarter  a  of 
an  inch  Tide  and  measuring  in  a  direction  perpendicular  to 
Ruch   Fturfaeea  shall  be  not    less   than  that   specified  for 
interior  colurcns  in  the  beginning  of  this  section,   and  all 
spnces,    in^^liiding  ch»innel<«  or  chases  hetween  the  fireproof 
covering  and  the  metal  of    the  columns,    shall  be  filled  solid 
with  fireproof  -naterial.      Lattice  or  other  open  coluinna 
shall  be  filled  completely  with  approved  cement  concrete. 


(SEAilS.    GIRDERS   AND  TRUSSES  -   CQVIIRISGS   OF.) 

(a)  The  metal  bea-iis,   girders  and  trusses  of   the  inter- 
ior  structural  parts  of  a  building  shall  be  <jovered  by  one 
of  the  fireproof  materials  hereinbefore  specified  so  applied 
as  to  be  supported  entirely  by  the  beam  or  prirder  protected, 
and  shall  be  held  in  place  by   the  support  of  the  flange«  of 
such  beams  or  girders  and  by  the  cement  mortar  used  in 
setting. 

(b)  If  the  covering  is  of  bricX,    it  shall  be  not   less 
than  four  inches  thic>:;    if  of  hollow  tiles  or  if  of  solid 
porous  tiles,   or  if  of  terra  cotta,    su6h  tiles  shall  be  not 
less  than  two  inches  thick,   applied  to    the  metal  in  a  bed 
of  cement  rcortar;  hollow  tiles  shall  be  constriacted  in  such 

a  manner  that   there  Fhall  be  one  air  aipace  of  at  least  three- 
fourths  of  an  inch  by  the  width  of   the  metal  surface  to  be 
covered  within  such  clay  coverings:    the  minimum  thiclcneas 
of  concrete  on  the  bottom  and   s-idea  of  the  metal  shall  be 
two  inches, 

(c)  The  top  of  all  beams,   girders,   and  trusses,    shall 
be  protected  with  not  less  than  two  inches  of  concrete  or 
one  inch  of  burnt  clay  bedded  solid  on  the  metal  in  cement 
mortar, 

^^^      In  all  eases  of  beams,  girders  or  truBsea,   in 
roofs  or  floors,    the  protection  of  the  bottom  flanges  of 
the  beams  and  girders  and  so  much  of  the  weo  of  the  s^  as 
is  not  covered  by  the  arches  shall  be  made  as  hereinbefore 
specified  for  the  covering  of  beams  and  girders.   I n  every 
case  the  thicKness  of  the  covering  shall  he  measured  from 
the'extreme  projection  of  the  raiital,   and  the  entire  space 
or  spaces  between  the  covering  and  the  metal  shall  be 
filled  solid  with  one  of  the  fireproof  materials,   except- 
ing the  air  spaces  in  hollow  tile. 


STFKL  -  (contlmjflrt) 

(BEAMS,    GIRDKBS   ANP  TRUSSKS  -  OOVgRINGS   OF )-(contlnued) 

fe)     Provided,  hoff^ver  that  all  girders  or  trusses 
^en  supporting  loads  from  roore  than  one  etory  shall  be 
flreproofed  with  two  thicKneaReR  of  rirpproof  rraterial  or 
a  combination  of  two  fireproof  materials  as  required  for 
exterior  columns  in  Section  625  of  thie  Chapter,   an'?  each 
covpring  of  fireproof  laaterial  shall  be  bedded  solid  in 
cement  irKsrtar. 


IvSry  nwdern  mill  constructed  building  has  either 
built  up  steel  post  caps  or  cast  iron  caps.     There  ar**  many 
Tarieties  of  steel  post  caps  used.      In  general  thf»y  consist  of 
angles  ar«  plates  riveted  together  to  form  a  rigid  member. 

Lintels  used  are  alioost  exclusively  of  steel  and 
consisit  either  of  a  rolled  section  or  of  a  built  up  member. 

The  steel  used  in  builiing  constT'uction  are  standard 
rolled  sections  and  plates  and  is  usually  specified  to  conform 
with  the  requirements  of  the  manufacturers' standard  specifica- 
tions. 
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Cast  iron  columns  have  been  used  very  extensively  in 
mill  builiingg.     Their  use  at  the  present  tiaie  is   limited 
mainly  to  one  story  builiings,   boiler  rooms  or  other  places 
where  wood  is  not  desirable  or  cannot  be  used.     The  require- 
rcenta  for  fireproofing  cast  iron  columns  ijse  the  same  as  those 
for  steel. 

Cast  iron  post  caps,  colunai  bases,  wall  bearing 
plates,   etc.,   are  used  in  a  great  many  buildings  of   this  type. 

The  east  iron  used  should  be  tough  gray  iron,  free 
from  inj\iriou9  cold-shuts  or  blow  holes,  true  to  pattern  anrt 
of  workrnanliKe  finish, 

BKIOK. 

RrioKs  are  more  extensively  u«ed  than  any  other 
building  material,  with  the  possible  exception  of  wood. 

Good"  bricK  is  practically  indestructible,  as  it  is 
unaffected  by  action  of  the  weather  or  by  fire.  Its  desirabil- 
ity as  a  building  material  is  based  on  the  fact  that  it  is 
easily  handled  and  can  be  made  into  any  size,  shape  and  color. 

It  Is  comparatively  cheap  and  can  be  obtained  in 
alraost  any  locality. 
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BRICK  -  (continued) 

BricK  1b  maie  of  saniy  clay,  silioatf*  of  almaina, 
uwially  containing  wmall  quantities  of  limp,  magnesia  and  iron 
oxide.  We  will  not  go  into  the  details  of  manufacture  of  brioX, 
sufficient  to  say  that  they  are  made  hy  burning  thr  clay  to  a 
proper  temperature  in  a  suitable  Kiln. 

Building  brick  is  divided  into  two  classes: 
^^)   Oo'ainon  Brick. 
(2)   Faoe  BgJck. 

OoisH'on  brick  in  turn  is  divided  into  the  following 
three  classes; 

(a)  Hard  or  Aroh  Brick.  This  brick  comes  from  the  arch 
of  the  kiln,  and  its  proxiiaity  to  the  fire  caakes  it  badly 
checked  and  warped.  It  is  also  hard  and  brittle,  with  the 
result  that  it  cannot  be  used  for  any  other  purpose  than  for 
piers  and  foundations. 

(b)  Re>d  or  yell  Burned  Brick.  Tht«»  brick  eoaies  from  the 
center  of  the  kiln  arvi  is  the  best  brick  for  construction  pur- 
poses. It  can  readily  be  recognized  by  its  metallic  ring  when 
struck. 

(e)  Salmon  or  Soft  Briak.  This  brick  comes  from  top  of 
kiln  and  is  usually  underburned.  It  should  not  be  used  where 
heavy  loads  are  to  be  carried. 


BRICK  -   (continuefl) 

Care  should  be  taKen  not  to  rely  too  nsich  on  the 
color  01    thp  T^riclt  for  the  'if^terraination  of   nuality,   as  tha* 
may  br  '!ue  to  the  presence  or  nbnenee  of  iron,  rather  th«n   to 
itn  bTirnlng. 

(?)  yace  BrloX  in  maip  by  r^-presfjlng  soft  nai'i  bricka 
an4  Is  usually  dLry-pressd.  The  better  grades  of  bricK  are 
made  In  molrifl  ani.  can  b«  niafie  of  different  sizes  and  colors. 

The  color  of  brlcK  depends  upon  the  ^esenee  or  absence  of 
iron,   lime  or  niagnesia.     The  dry  pressed  brick  is  colored 
artificially  by  mixing  clays  of  different  compositions  or  by 
the  addition  of   nineral  colors. 

There  are  many  varieties  of  face  brioK  and  they  arc 
usually  specified  by  the  Hianufacturei*s  catalogue  number  or  by 
the  price  per  thousand,   the  size  and  color  to  be  selected  by 
owner, 

ReQuisites  of  good  bricR  are: 

(1)  Sound,   free  from  cracKs,   flaws,   stones,    lunypB 
of  any  Kind,  and  especially  lunips  of  lime. 

(2)  Uniforra  in  size,   and  true  surfaces,    square  ^'ith 
each  other,   with  sharp  edges  and  angles. 

(.«;)     Burned  to  incipient  vltrific^ation  throughout. 
Should  not  absorb  more  than  10^  water,   as  the  durability 
of  brlcx  depends  a  good  deal  upon  its  non-absorption  of 
water. 
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In  a  mill  constructed  biiildLing,   eoncretp  jn   tised 
mainly  for  foundations,    footings,   exterior  walls  below  grade, 
basement  floors  and  occasional  fireproof ing  of  »9teel. 

The  mix  of  concrete  used  will  depend  tjpon  the  nature 
of  the  load  it  ha«  to  carry  and  variee  in  the  different  parta 
of  the  building.     The  foundation  mix  will  depend  upon  the 
nature  of  the  Roil  and  the  space  available  and  un,<ler  favorabl© 
ol'v^uraRtanoes  will  be  of  l;.T:5  mix. 

¥hpji  footings  dnd  foundatione  are  heavily  reinforced 
a  1:2:4  mix  ia  used.     The  mix  for  baaement  floor  usually  con- 
8l«9t5?  of  1:3:5  concrete  for  the  body  of  the  floor  and  1:8  for 
the  finish  surface. 

The  cement  used  in  the  concrete  flhoulri  be  of  an 
approved  brand  of  American  Portland  Cement,   tested  to  me«»t  the 
rerjuir^^irents  of  the  American  Society  for  Testing  Materials. 

The  sant  should  be  clean,   sharp  torpedo  sand,    fre© 
froiG  loain  an-i  vegetable  matter. 

The  stone  used  should  be  either  limestone  screenings, 
free  froa  ^ust,   or  clem  washed  gravel.     In  either  case  It 
must  be  of  size  to  pass  a  three-fo\irth8  inch  ring. 


CC^CRFTB  -   (eontinuerl) 

Concrete  shoull  be  well  mixed  with  enough  water  added 
to  give  it  a  oonsistancy  Known  aa   "wet  mix*. 

No  attempt   in  here  made  to  go  into  the  details  of 
concrete  constrnction,   as  that  does  not  oorae  within  the  scope 
of  thi'»  paper. 


MKTHODS  or  CWSTRUCTION. 

WALLS  AND  F0I3NDATIQHS. 

In  designing  any  building,  the  question  of  walls  and 
foundationB  is  a  very  important  one  and  muRt  1)h  thoroughly 
investigated  before  a  final  deoiaion  ie  reached.  This  is 
especially  true  of  a  mill  building,  where  walls  perform 
definite  structural  functions,  as  well  as  enclosing  the  building. 

Walls  are  constructed  of  a  great  number  of  materials, 
the  most  prominent  amor^  than  being  bricK,  stone,  concrete,  tile, 
sheet  metal  on  wood,  etc.  The  Kind  of  foundation  for  walls 
depends  on  the  bearing  power  of  the  soil,  the  load  carried  by 
the  walls  and  the  drainage  condition  of  the  site. 

There  are  varied  opinions  as  to  the  amount  of  live 
load  from  the  floors  of  the  buildings  carried  by  the  footings^ 

Some  designers  allow  fifty  per  cent,  of  this  load  to  be 
carried  by  the  footings,  ^rhile  others  allow  different  amounts, 
depending  upon  the  ratio  of  the  live  load  to  the  dead  load  of 
the  building.  The  Chicago  practice  is  to  afllow  a  sliding 
decrease  in  the  percentage  of  live  load  transmitted  to  the 
footings,  coran^ncing  with  eisrhty  five  per  cent,  at  the  top 
story  and  decreasing  by  five  percent,  for  each  lower  story, 
until  fifty  percent,  is  reached. 


MIT  HODS  OF  OOMSTRUCTIQN. -(continued) 

WALI.S  ANB  FOUNEATICWS-fcontlnued) 


The  bearing  povev   of  the  soil  depends  upon  it*? 
composition,  the  thicKness  of  the  various  strata,  and  its 
drainage.  Of  the  soils  la^t  often  encountered  in  ordinary 
foualation  work,  are  roclc,  hard  pan,  blue  clay,  yellow  clay. 
Band,  and  a  mixture  of  any  of  these  substances.  The  beer  ing 
power  of  the  soil  may  be  df^tersined  by  tests,  but  the  icore 
common  method  employed  by  the  experienced  designer  is  to 
determine  by  inspection.  This  is  done  by  either  taking  borings 
and  sansJllng  the  noil  every  foot,  or  by  digging  test  pits  and 
noting  the  formation  of  the  strata  and  other  physical  proper- 
ties of  the  soil. 

The  average  allowable  safe  bearing  values  of  soils  aie : 

Bock 10  to  200  tons  per  square  foot 

Gravel,  compacted 8  to  10  ■ 

Sand, clean  and  compacted. 4  to   6  " 

Clay  on  thicK  beds, 

always  dry..... 4  to   6  • 

Clay  on  thicK  beds, 

moderately  dry 2  to   4  ■ 

Sand,  clean  and  dry 2   to   4  • 

Dry  earth X  to   2  • 
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MgTKODS  or   CONSTRUCTIQN-(continugd) 

WALLS  AND  yQlJMDATI(fflS-(eontinugd) 

Vh^re  soil   ia  of  such  nature  that  it  is  uns^fp  to 
carry  heavy  bulliing  loads,  wood  or  soncrete  piles,  griilag* 
oe  cai«son«  are  used.     Their  bearing  powers  are  determined 
hy  actual  tests  or  by  calculations.     Wooden  piles  are  usually 
calculated  by  the  following  formula  (Engineering  News): 

for  ateaiB  hamm«r. 

for  drop  hammer. 

In  this  formula  :  S  =  net  In  inoh««, 

h  =  fall  in  feet. 

w  =  weight  of  haismer. 
P  =  eafe  loai  in  pounds. 

Ooneret*  pileg  are  iivided  into  two  general  classes, 
viz.,  pre-molded  and  cast  in  place.  Their  bearing  value  is 
fletenrined  by  test  piles,  but  in  no  case  should  the  compression 
on  such  piles  exceed  the  allowable  unit  compressiv*  stress  of 
concrete. 

Caissons  are  used  to  transmit  heavy  builiing  load* 
to  solid  rock  or  hard  pan  and  are  fig:ured  in  ^  similar  manner. 

Ia  proportioning  footings,  extreme  care  should  be 
taXen  to  prevent  unequal  settlement  of  different  parts  of 
bull(*ing.   Mere  adherence  to  formulas  will  not  always  give  a 
good  foundation  design.   The  designer  nouat  have  the  entire 
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METHODS  0?  CONSTHUOTIOR-fcontimied) 

WALLS  AND  FOUN EATI ON S-( continued  ) 

building  in  mind  and  naif?t  develop  a  certain  sense  «*  proportion 
to  guide  him  in  hi^  design. 

In  localities  sub.leot  to  freezing  temperatures,  foot- 
ings naist  be  carried  below  frost  line.  The  depth  of  this  frost 
line  varies  with  the  climatic  conditions  and  in  this  part  of  the 
country  it  is  safe  to  figure  four  feet  six  inches  below  grade 
for  the  frost  line. 

All  exterior  walls  below  grade  are  considered  foun- 
dation walls.  They  are  built  of  concrete,  rubble  stone  masonry, 
and  8«wer  or  paving  bricK.  For  large  buildings,  concrete  foun- 
dation walls  are  used  almost  exclusively,  a  properly  designed 
concrete  wall  should  have  a  certain  amount  of  steel  reinforee- 
aaent  to  taKe  care  of  temperature  stresses  and  also  to  furnish 
a  tie  to  the  footings. 

Rubble  stone  masonry  is  used  for  foundation  walls  of 
smaller  buildings  or  where  the  loads  are  not  excessive.  They 
are  built  by  laying  up  stone  of  different  sizes  in  cement  mortar. 

Sewer  or  paving  brioKs  are  soinetiiEes  used  for  foun- 
dation walls,  **\ere  it  is  desirable  to  have" basement  walls  of 
good  appearance.  They  are  always  laid  up  in  cement  mortar. 


METHODS  Oy  CQKSTPUOTIQN-roontlmifii) 

WALLS  AND  POUNDATIWS-fcontlnued) 

All  foun4?.tion  walls  mint   be  waterproofed  to  prevent 
8epp5u?e  of  nnrfaof!  watrr  into  thp  bullying.  Thpre  are  many 
kinds  of  waterproofing  methods  used,  some  ad'led  to  the  concrete 
during  mixing,  and  others  applied  as  a  rcembrane  on  the  inside 
or  outside  of  the  wall.  Ainong  integral  waterproofing  compounda 
used  are  hydrated  lirae,  colloidal  olaye,  and  a  great  number  of 
special  watfirproofing  compounds  placed  on  the  marXet  by  paint 
and  chemical  coapanies.  Their  value  can  only  be  determined  by 
actual  usagft  and  one  should  exercise  all  possible  care  in 
selecting  them. 

The  membrane  waterproofing  consists  eithf^r  of  a  heavy 
coat,  (l/4*  to  1/2*)  of  rich  cement  plaster,  applied  on  the 
inside  or  outside  of  wall,  or  on  both  sides  in  extreme  cases, 
or  of  several  co'its  of  dry  roofing  felt  placed  on  the  outside 
of  wall  and  well  jBopped  with  hot  tar  or  asphalt.  There  are  a 
ittjmber  of  iron  oxide  paints,  applied  on  the  outside  of  the  wall, 
the  theory  being  that  iron  rusts  and  fills  in  the  pores  of  the 
wall.  If  membrane  waterproofing  is  used,  it  must  be  carried 
over  Xtie   top  of  the  footing,  to  prevent  seepage  through  this 
souree. 

The  exterior  walls  of  mill  buildings  are  either  of 
piers  and  curtain  wall  type,  or  straight  bearing  walls,  or  a 
combination  of  both.  The  pier  and  curtain  wall  construction 
consists  of  heavy  piers,  proportioned  to  taXe  the  floor  loads 
from  the  girders  and  the  weight  of  the  walls.  ^ 


METHODS   Oy   OONSIRtJgTIQN-fcontinued.) 

V/J,T.-$   ANT  yPLIirATIONS-fcontlnupd ) 

Their  nize  will  dLepend  upon  the  materials  entering 
into  thfir  nonstruotion.  The  oiortain  walla  are  of  minimum 
thicKnes^,  ufmally  eight  inches  in  one  story  miildings,   and 
twelve  inches  for  nultiple  story  ouildings. 

The  advantages  of  this   type  of  constiniction  for  tall 
buildings  with  heavy  loads  are,   its  reduced  cost  and  large 
percentage  of  window  space.      However,    there  are  certain  features 
in  this  construction  which  make  it  not  very  desirable.     They  are; 
the  large  pier  projections  breaking  up  the  floor  space  at  walls, 
where   it  is  most  valuable,   and  the  loss  of  radiation  throiigh 
thin  curtain  walls,     special  care  must  be  taken  during  construc- 
tion to  securely  tie  the  curtain  walls  aiKi  piers  to  the  framing 
of  the  building. 

Where  straight  bearing  walls  are  used,   they  are 
designed  to  take  their  share  of  the  dead  and  live  loads  of  the 
building.     Their  thickness  will  depend  upon  the  number  of  stories, 
the  loading,   the  size  of  spans  and  the  materials  used.     The 
building  codes  of  moat  nainicipalities  have  established  the 
minimum  thickness  of  walls  to  be  used.     They  are  usually  figured 
very  liberally  and  present  an  excellent  check  on  the  designer* e 
work.     To  some  industries  the  straight  unbroken  wall  is  of  ad- 
vants^e  and,   althou^  more  expensive  in  many  Instances,   is 
preferred  to  the  curtain  wall  and  pier  construction.   This  is  well 
Illustrated  in  shop  buildings,  where  benches  are  located  along 
walls,  under  windows. 


MCTHOPS   Oy  OON ST PU':;TI0H-( continued) 

WALLS   AND  ?Ql'HDATI ON S-C continued) 

BrlcK  Is  almost  universally  used  for  exterior  wall 
construction,    althou>Th  other  materials  are  used  when  conditions 
warrant.     Where  brick  walls  are  used,         it  is  equally  important 
to  use  good  mortar  aa  w«ll  as  sound  brioK.     The  brick  Rhould  be 
hard,  well  burned  common  bricK,   free  from  df;fectB,     Mortar 
should  be  of  good  binding  quality.     The  strength  of    the  wall 
is  governed  by   the  quality  of  the  brick  and  aortar  used.   Thei'e 
are  several  kinds  of  rcortars  used,   vis;   cement  mortar,  consist- 
ing of  a  mixture  of  sand  and  cejoent,  with  not  more  than  10^  of 
lime;    lime  tempered  issortar,   a  mixture  of  lime  arei  sand,  with 
about  104  of  cement.      Lime  mortar  Ib  coraposed  of  sand  and  lij&e. 

In  curtain  wall  and  pier  construction,   where  heavy 
loads  are  carried  and  the  size  of  pier  is  restricted,   the  piers 
should  be  laid  up  in  cement  mortar.     Cement  mortar  te    more  expen- 
sive as  it  requires  more  care  ani  labor   in  laying.     Where  space 
is  of  no  great  importance,   it  is  found  that  piers  laid  up  in 
lime  tempered  mortar  will  reduce  the  cost  of  the  building. 

Straight  bearing  walls  are  usually  laid  up  in  lime 
tempered  mortar.     Walls  sub.1ect  to  excessive  or  variable  loads 
should  be  laid  up  in  cement  mortar.     Walls  above  roof  and  walls 
below  grade  should  always  be  laid  up  in  cement  nwrtar. 


MFTHQD5  OF   CONSTPUCTIOH-(oontinued) 

WAU.S  AND  yci3NDATIQMS-(continued) 

The  Chicago  Pull-ilng  Code  gives  the  following  require- 
rcentp  for  raasonry: 

ALIiOWABLS  STRESSFg   AND   SPJgQlAL   PEQUIRyMCTTS   FOR   MAStaiRY, 

(a)  Allowable  stresses  in  pounds  per  sqxiare  inch  on 
plain  oonorete  and  stone  rcasfonry  shall  not  exceed  the 
following: 

Lbs. 

Coursed  rubble  Portland  cement  mortar 200 

Ordinary  rubble  Port  lend  cement  mortar 100 

coursed  rubble  lime  mortar 120 

Ordinary  rubble  liiae  mortar 60 

First-class  granite  masonry,  Po|ftlayd  cement  nartar 600 

First-class  lime  and  sandstone  masonry  »  »  »  »  .....400 
PoBtland  cement  concrete  1-2-4  mixture  laachine  mixed. ...400 

Portland  cement  concrete  1-2-4  mixture  hand  mixed S50 

PortlarKi  cement  concrete  1-3^5  mixture  machine  mixed,  ..350 

Portland  cement  concrete  •  «  •  mixture  hand  mixed 500 

Portland  cemsnt  concrete  1-5-6  icixture  machine  mixed.  ...500 

Portland  cf^ment  concrete  1-3-6  mixture  hand  mixed 250 

Natural  eeraent  concrete  1-2-5  mixture 150 

(b)  Allowable  compresaion  in  pounds  per  square  inch 
on  bricK  masonry  shall  not  exceed  the  following: 

No.l  paving  brick,  1  part  Portland  cement, 

5  parts  torpedo  sand 550 

No,  2  pressed  bricK.  and  sewer  bricK,  mortar 

same  as  referred  to  above 250 

No. 5  hard  common  select  bricK,  Portland  cement  mortar, 

same  aa  referred  to  above 200 

No. 4  hard  common  select  brick,  1  part  Portland,  1  lime, 

5  sand  as  referred  to  above i"5 

No. 5  common  brick,  all  grades,  Portland  cement  mortar...  175 
No. 6  common  brick,  all  grades,  good  lime  and 

cement  mortar r"f 5 

No.7  common  brick,  all  grades,  natural  cement  mortar 15D 

No.8  common  brick,  all  grades,  good  lime  mortar i-ww 


MKTHQDS   OF   COHgTRUCTION-fcontlnued) 
yLQORS« 

In  the  fiPRlgn  of  any  floor  syRtera,   the  following 

(1)  OolumiB. 

(2)  Gipdf^s. 

(3)  Joists  and  rough  floora,   or 

(4)  Laminations. 

(5)  Finished  floors. 

Therp  HTf"  three  ntandard  types  of  floor??  used  in  mill 

oonstruction.     They  are: 

(a)     Joints  renting  on  top  of  girder?. 

(h)     Joirrtfl  hung  from  girders  hy  means  of  metal 

stirrups 
(c)     Laalnated  floors. 

In  girder  and  joist  construction  the  most  widely  used 
methoi     is  ^ere  the  joists  rest   directly  on  top  of  girders. 
This  is  the  cheapest  anc   simplest  way  of  supporting  floors. 
This  however,   is  offset  by  the  increased  height  of  walls 
where  definite  story  clearances  are  remiired.     It  leaves  exposed 
all  sides  of  girders, forming  a  dust  collector.   It  somewhat  ob- 
structs distribution  of  liflht  from  windows  and  very  often  results 
in  warped  floors  due  to  uneven  shrinkage  of  ;)oi8ts  and  girders. 

Where  joists  are  suspended  from  girder  by  rae^ins  of 
metal  stirrups,    the  story  hei,eht8  may  be  reduced,  yet   there  are 
other  features  which  raaJce  this  type  not  altogether  def?irabl#. 


METHODS  OF  gQNSTRUGTIQH~(continued) 
TLOORS- ( continued ) 

In  the  tiret  place,  the  resulting  floor  aystem  is  not 
very  rigid.  Second,  where  the  top  of  the  joists  and  girders  are 
flush,  there  resulta  an  uneven  floor  due  to  shrinKage.  There  ie 
also  a  Rcrioufi  objection  to  this  type  from  the  point  of  view  of 
fire  protection,  as  in  case  of  fire,  the  ntlrrups  will  readily 
yipld  and  drop  the  floor. 

In  either  case,  the  rough  flooring  on  top  of  the  joiate 
will  conaiBt  of  S-s/s"  x  5-1/2*  dressed  and  natched  yellow  pine 
ijoards  laid  across  joists. 

The  laiTiinated  type  of  flooring  consists  of  placing 
planks  on  edige  eedurely  spiXed  together  and  resting  on  girderu. 

This  construction  gives  a  continuous  ceiling  surface  free  from 
all  obstructions  allowing  the  use  of  a  reduced  story  height.  It 
also  reduces  the  coat  of  all  piping  and  especially  the  P0!n  of 
the  sprinkler  system,  Sinoe  laminations  are  of  an  even  thick- 
ness, the  ShrinKage  will  be  uniform,  which  is  a  very  important 
item  in  factories  and  shops  having  machinery  and  shafting  rest- 
ing on  floors  or  suspended  from  ceiling. 


MFTHODS   0?   OOKSTHUCTION- ( o ont  Inund ) 

COLIJliHg. 

The  oolurnnsin  a  mill  constructed  builiing  may  b« 
either  of  wood,  steel  op  cast  iron.  ^Tiere  raetal  columns  are 
used,  they  nust  be  properly  fireproored  as  described  elsewhere 
In  this  paper.   Since  thie  naakes  the  cost  of  such  construction 
very  high,  it  is  seldom  used  and  therefore  we  will  limit  our 
discussion  to  timber  powts. 

The  «ize  of  the  posts  will  depend  upon  their  spacing, 
loading?  and  story  height.   In  no  cape  however,  shall  columns 
of  less  cross  section  area  than  100  square  inches  be  used,  th« 
theory  being  that  a  column  of  this  sisse  will  not  burn  out  read- 
ily, thus  preventing  the  collapse  of  the  floors. 

The  timber  used  should  be  sawed  true  and  square  at 
right  angles  to  its  axis,  and   should  have  solid  bearing  on 
bases  and  caps.  It  is  customary  to  round  or  chamfer  all  edges 
of  posts  and  bore  holes  vertically  through  center  of  column 
to  meet  holes  bored  horizontally  at  top  and  bottom. 

There  are  many  opinions  as  to  the  advisability  of 
borinfr  holes  through  columns.   Some  maintain  that  these  holes 
pr^/f-nt  undue  checking  and  cracking  of  columns  dup>  to  drying 
out,  and  assist  in  ventilating  and  drying  of  column.  Others 
maintain  that  these  holes  are  detrimental  to  the  life  of  the 
structure  as  they  furnish  an  easy  and  quicK  means  of  travel  of 
dry  rot  fungii. 


METHODS  OF  CON  ST  HIICTI  ON- (continued) 
COLUttMS-f  continued) 

From  our  personal  experience  we  would  recomraend  that 
hole«  be  bored  in  timber  posts  unless  there  are  very  good 
reasons  to  the  contrary.  ThisR  opinion  is  based  on  observation 
on  the  behavior  of  sue?!  posts  in  buildings. 

Where  column  bases  are  below  floor  or  where  columns 
rest  directly  on  masonry,  the  lower  portions  of  such  columns 
should  be  treated  with  some  wood  preservative  such  as  creosote. 

Where  timber  columns  are  used,  their  load  is  distrib- 
uted to  the  footings  by  means  of  bases.  These  bases  are  made 
either  of  stone,  steel  or  cast  iron. 

Stone  bases  consist  of  a  solid  piece  of  limestone, 
eet  in  cement  mortar,  on  top  of  footing,  with  upper  face  planed 
to  receive  post  and  sides  beveled  for  good  appearance.  They 
usually  project  a  few  inches  above  floor.  This  type  of  base 
is  very  seldom  used  at  the  present  time. 

Steel  post  bases  are  made  of  heavy  steel  plates, 
designed  of  sufficient  thickness  to  taKe  the  shear  and  moment, 
and  of  size  to  distribure  the  column  loads  to  masonry.  There 
is  usually  a  dowel  passing  through  center  of  plate  into  masonry 
and  projecting  from  two  to  five  inches  into  column.  This  is 
done  in  order  to  anchor  posts  during  construction,  before  the 

kloor  loads  are  applied. 


MIJ!TH0T)5    Qv    fT0N!?TPMr7TIQW-(nontlmefl) 
OOLUifflS-  ( continued  > 

The  most  coraiaonly  used  basee  for  poste  are  made  of 
east  iron.     They  consist  either  of  a  solid  plate,   notched  out 
to  reeeive  post,   or  of  a  special  shoe,   raadR  of  top  and  bottom 
plates  and  vertical  webs,      A  two  ..inch  hole  is  cored  through  the 
center  for  grouting.        Gootf  practice  requires  that  the  upper 
part  of  the  shoe  project  from  one  half  to  two  inch*»s  above  floon*, 
to  prRv«nt  water  reaching  the  ensis  of  columns.     The  drawings 
accompanying  thin   paper  contain  a  detail  of  this  type  of  shoe. 

The  load  from  girdsrs  io  transferred  to  column  by 
means  of  post  caps,   of  which  there  are  three  stan-lard  types, 
namely,  wood  bolsters,   cast  Iron  caps,    and  built  up  steel  caps. 

Wood  bolf=?ters  are  designed  to  taKe  the  reaction  froin 
/^iriers  and  are  made  of  yellow  pine  or  oaJc,     They  are  usually 
of  the  saiuft  cross  section  as  thf  girder,   and  their  length  varies 
with  the  load  -and  span.  They  are  fastened  to  post  by  means  of 
drift  bolts  or  lag  screws.     Bolsters  do  not  laaKe  for  a  rigid 
structure,    and  cause  uneven  settlement  of  floors  due  to  their 
shrinKage,   hence  are  not  used  to  a  great  extent  at  present, 

Oa^t  iron  post  caps  contiist  of   a  casting  shaped  to 
fit  columns  and   to  receive  girders.     The  top  plate  is  supported 
by  ribs  and  some  types  have-  iuga  to  receive  girders.     The  un- 
certainty of  the  strength  of  cast   iron  necessitates  the  use  of 
heavy  sections,   and  the  possibility  of  oracXing  due  to  shooK  or 
„     vibration  maXe  thio  construction  not  very  desirable. 


METHODS   Oy   OOH!?rRlJaTIQH«f continued) 
0QI,Tj}<?j5-(contlnuel) 

Ther«  Iff  alao  this  danger   luring  a  fire,   when  a  streaa  of 
water  is  appliel. 

The  raodern  poet  cap  is  made  of  steel  angles  and  plates 
rivetei  together  to  form  a  rigid  connection  between  girder  and 
post.      The  thicKnesn  of  the  angles  and  plates  used  will  depend 
upon  the  load  carried  and   the  projections,   while  the  sise  will 
be  governed  by  the  cross  section  of  post  and  girder.     The  angles 
under  girders  should  be  heavier  than  the  angles  on  thp  other 
two  sides.      All  rivets  coming  through  top  plateare  countersunR, 
to  furnish  an  even  bearing  for  column  and  girders.     Post  caps 
for  roof  girders  are  laade  of  angles  alone,   \?ithout  plates. 

There  are  a  nuca>er  of  patented  Hteel  post  caps  on  the 
inarKet,   built  either  of  plates  and  angles,   or  of  bent  plates, 
shaped  to  form  caps.     They  are  all   variations  of  the  same 
principle  and  th^ir  choice  will  depend  upon  the  individual 
preference  of  the  designer. 


METHODS  0?  CON STRUgTIQK-( continued) 
GIRDERS. 

Ihere  ara  two  Kinds  of  girders  used  in  a  modern  mill 
constriict^d  building,  viz:  steel  and  wood.  Steel  girdprfi  consist 
of  one  or  two  standard  rolled  sections,  properly  fireproof ed  ae 
hereinbefore  described.  When  two  sections  are  used,  they  are 
connected  with  east  iron  separators  and  are  bolted  to  post  caps. 

Holes  should  be  left  in  the  top  flange  oS   such  girders  for 
spiKing  Joists  where  same  rest  on  top  of  girder.  Where  lamin- 
ated floors  are  used,  a  wood  plate  is  bolted  to  top  of  steel 
girder  to  receive  the  laminations.  Steel  girders  are  more 
expensive  than  wooden  girders  and  are  used  only  where  long  spans 
are  required,  and  ^ere  loads  are  heavy. 

Wood  girders  are  made  of  one  or  more  sections,  cut  and 
framed  to  proper  lengths.  Wher^  one  section  is  used,  the  girder 
rests  tlirectly  on  post  caps  and  is  fastened  by  leg  screws.  If 
two  or  three  sections  are  used,  they  are  framed  around  posts  and 
are  bolted  together  to  act  as  one.  The  sections  are  separated 
by  f/s   inch  to  1  inch  strips  of  wood  placed,  abowr  five  foot 
centers,  and  all  bolted  together  at  these  places  by  2/4  inch  or 
1  inch  bolts  having  heavy  malleable  iron  nuts  and  washers.  Th« 
s'^parators  should  be  about  four  inches  wide  and  of  a  different 
wood  than  the  girders  -  usually  of  naple  or  oak. 


KFTHQPS   0?   aQMSTRUOTICffl-( continued) 
GI RDERS- ( continued ) 

Where  wood  girderf?  frame  into  jooasonry  walls,    their 
ends  aaast  not  come  in  contact  with  the  ma9onry.     Steel  or  oast 
iron  wall  bearing  plates  are  used  to  distribute  the  load  to  the 
masonry.     The  side  and  end  ot  girders  coming  in  contact  with 
masonry  must  be  protected  either  by  cast  iron  boxes  or  by  coat- 
ing  the  ends  with  a  damp-proof  paint.     The  ends  of  girders  are 
Tire-cut ■»    that  is,    they  are  cut  so  that  in  case  of  fire  the 
falling  girder  will  not  pull  the  wall  with  it. 

It  is  customary  to  give  the  girders  from  eight  to 
twelve  inches  bearing  on  oasorary,  depending  upon  the  load;   but 
as  it  is  not  advisable  to  cut  a  slot  of  this  depth,   the  wall  is 
corbeled  out  about  six  inches  to  receive  girders,   thus  requiring 
a  smaller  cut  into  wall.     These  corbels  should  be  built  solidly, 
not  less  than  two  feet  six  inches  in  height,   and  should  always 
be  laid  in  oeajent  mortar.     The  bricK  projections  should  never  be 
more  than  one  inch  per  two  bricXs. 

Steel  bearing  plates  are  used  inoatly  for  steel  girders, 
while  east  irou  plates  are  used  where  girders  are  of  wood.     The 
east  iron  plates  have  Ixigs  on  lower  side  to  anchor  masonry,   and 
on  upper  side  to  anchor  girder,  where  wood  girders  meet  over  vbX 
caps,    steel  straps  are  used  to  join  them,    thus  tying  the  whole 
structure  together  from  wall  to  wall.  These  straps  consist  of 
steel  plates  l/4  inch  to  s/8  inch  thick,   and  about  S  feet  long, 
witli  about  eight  5/16  inch  holes  for  lag  screws.     A  strap  should 
he  Blaoed  on  each  side  of  girder. 


MCTHODS   OF   GONSTRUCTIOH-Coontlmed) 
JOISTS. 

Only  Wooden  Joists  are  used  in  aiill  constructed 
ixiildingfl,     They  should  be  not  l^jss  than  seventy  two  inches 
in  cross  ejection.     wh*^re  joists  rest  on  walla,   cast   iron 
bearing  plates  ar**  used,   of  a  patt«"rn  siiriilar  to  that  used  for 
girdiTS. 

The  wall  fsnds  of  joists  ar*'  also  treated  in  a  similar 
mann'^r.     Where  oprb"!'?  are  used,   they  ar«  iaade  not  roor^  than 
four  inches  in  depth. 

Where  joists  rest  on  top  of  girders,   full  hearing 
naist  be  given.     Usually  a  space  of  about  one  inch   is  left 
between  the  ends  of  opposite  joists  meeting  over  the  girder. 

Some  designers  fasten  the  joists  to  girders  by  means 
of  small  angles  spiKed  to  both  girder  and  joist.      This   is  not 
very  oft'-n  don*',   as, there  is  no  danger  of  joists  tipping  over. 

Joists  meeting  over  girder  are  tied  to  each  other  by 
means  of  steel  straps  about  1/4  inch  in  thickness,   two  inches 
in  width  and  from  two  feet  to  two  feet  six  inches  in  length. 

POUGH  TLOORS. 

P.ou^  flooring  is  made  up  of  boards,   P-fiffi  inches  by 
5-1/2  inches,   Tongued,   grooved  and  beaded,   surfaced  one  side. 

These  are  laid  over  joists  and  nailed  with  twenty  penny 
nails,   using  two  nails  over  each  joist,     Boards  should  not 
break  joints,   except  over  joists. 


'i 


METHODS   Oy   COySTRUaTIQy.-fcontimie'l) 
LAMINATI(»8, 

Laminations  con*?l8t  of  two  or  thr«e  inch  plank,   six 
to  eight  inch«??  in  iepth,   placwrt  on  edge  directly  ovkt  girders, 
thus  eliminating  joints.     Since  timbers  are  out  to  standard 
lengths,    spans  miriX  be  so  arranged  as  to  prevent  unneoesaary 
waste  of  tlsatoer.     The  laniinations  should  he  dressed  on  top  and 
bottom  only,   and  not  on  sides.     This  is  done  in  order  to  maXe 
certain  that  a  space  for  free  circulation  of  air  be  left  between 
«ach  planK,    to  assure  proper  irying  of  the  lumber. 

Laminations  ar«  spiked  to  each  other  with  forty  penny 
nails,   every  twenty  four  inches.     When  laminations  meet  over 
girder,   a  spac**  of  one  inch  should  be  left  between  ends,   to 
secure  free  circulation  of  at?  and  to  prevent  transfer  of  vibpa~ 
tions  from  one  panel  to   the  other. 

Every  eighth  lamination  should  break  joints  in  the 
center  of  panel,   thus  raaking  a  continuous  tie  between  opposite 
walls  of  building.     There  has  been  a  good  deal  of  discussion  on 
the  subject  of  breaking  joints  in  laminations,   some  designers 
advocating  alternating  joints  at  quarter  points,   some  every 
fourth  lamination  at  the  center,    x.*i.  a  good  many  other  combina- 
tions.    There  is  no  cut  and  dried  rule  as  to  breaking  of  joints, 
and  the  per=;onal  experience  of  the  designer  will  govern.   Suffice 
it  to  say  that  the  less  joints  outside  of  girder,    the  less 
vibration  will  be  transmitted  from  panel  to  panel. 
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Where  the  ends  of  laminations  bear  on  nasonry  walla, 
the   walls  are  corbeled  out  four  inches,  and  a  wooden  plate  about 
three  inchea  thick  in  placed  on  corbel  and  is  securely  anchored 
to  wall  by  means  of  atrap  anchors.  The  lamin^itions  rest  on  top 
of  these  plates  ani  an  inch  ;joint  is  left  between  ends  of  lamin- 
ation and  wall  for  possible  expansion.  Longitudinally,  the  lamin- 
ations do  not  get  any  bearing  on  walls  and  a  construction  Joint 
of  three  inches  ie  usually  left,  to  be  filled  in  when  the  roof 
is  on.  Laminations  should  be  anchored  to  walls  with  pins  and 
strap  anchors,  every  four  feet. 

yiNISHirP  FLOORS, 

On  top  of  rou,^  plartJc  flooring  or  laminations,  a  layer 
of  two  or  more  thicknesses  of  building  paper  is  laid,  to  prevent 
moisture  penetration.  On  this  the  finished  floor  is  nailed. 

This  flooring  usually  consists  of  is/l6  inch  factory 
coTimon  fflaple,  tongued  and  grooved,  and  laid  with  ;)oint3  perpen- 
dicular to  the  joints  of  rough  floor,  or  diagonally.  Two  thiedc- 
neases  of  maple  flooring,  or  l-P/s  inch  thick  stuff  is  used, 
where  the  floors  are  sub;jeot  to  arreat  wear.   Oare  should  be  taken 
to  have  Ecaple  «l>solutely  dry  and  the  floor  free  from  moisture. 

When  laying  maple  flooring,  :loint3  should  be  left  at 
walls  and  posts,  to  allow  for  expansion  due  to  dampness,  during 
construction.  This  is  filled  in  after  the  building  is  oorapleted, 
and  a  quarter-round  nailed  to  cover  these  Joints  at  walls  and 
colunins. 
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ROOF. 

Th«  esa'^ntial  r^^qulrpnifntR  of  a  Eod  roof  are  resi«t- 
anne  to  winri,  rain,   f?now,    ice,  hcftt,   cold  aai  other  aotlon  of 
elements,      A  mill  roof  usually  consists  of  two  parts,   namely 
tTie  roof  boards  and  roof  in?.     1?oof  boards  should  be  not  less 
than  2-f>/8  inches  thick,   tongued,   grooved  and  dre<?Bed  on  both 
sides.      Roof  framing  should  be  arranged  to  give  roof  proper 
pitch  for  drainage.     This  pitch  will  depend  \jpon  the  nature  of 
the  roofing  and  in  no  ease  should  be  less  than  s/B  inch  to  the 
foot. 

There  are  several  r;ethods  of  arrani^ing  roof  framing  to 
drain  roof  properly.     One  way  is  to  plae»^  each  row  of  roof 
girders  on  different  elevations  by  means  of  varying  the  height 
of  colunms  in  each  row,     Another  way  is  to  have  all  girders  on 
the  same  level  and  blocking  up  under  joists.     A  third  way  is  to 
build  roof  framing  level  and  obtaining  slope  by  means  of  wooden 
saiiles  or  cinder  fill.     In  no  eese  should  girders  be  sloped, 
a«  this  produces  a  very  unstable  roof. 

There  are  a  number  of  roof  coverings  used  for  mill 
roofs,    such  as  tar  and  gravel;   la*^ yelped  roofing,   tin,  galvanized 
Iron,    slate,   etc.     The  most  generally  used  roofing  for  this  typ« 
of  building  Is  tar  and  gravel  or  composition  roofing. 
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ROOF- ( continued ) 

TliB  apeciflcatlons  In  part  2  of  this  paper  will  give 
a  detailed  description  of  laying  this  roofing,  special  care 
must  be  taKen  to  cover  joints  at  walls,  which  is  accomplished 
by  turning  roofing  up  about  ei^t  inches  and  using  sheet  metal 
flashing  and  eounterf lashing  properly  secured  to  wall  and  Jointed 
to  roofing. 


DETAILS   Oy  DKSIfflty 

In  considrtring  the  design  of  a  building,    the  follow- 
ing itp-ins  should  be  given  careful  attention: 

(1)     Use  or  occupancy. 

(3)  Si^e. 

(S)     Location. 

(4)  Loading. 

(5)  Special  Eequireraents, 

The  purpose  for  which   the  building  is  to  be  used  will 
determine  the  kind  of  building  to  be  erected.     Different  indus- 
tries will  require  different  housing  conditions,   and  will 
determine  such  items  as  the  story  height,   size  of  panels, 
amount  ot  light,   ventilation,   etc. 

The  size  of  the  building  will  depend  upon  the  nature 
of  the  occupancy,   whether  it  is  to  be  used  for  manufacturing 
purposes  or  as  a  warehouse.     If  the  building  is  to  be  used  for 
manufacturing  purposes,     its  size  will  be  determined  by  the 
number  and  Kind  of  machinery,   the  number  of  people  employed  and 
the  process  of  manufacture. 

Where  the  process  of  nanufacture  is  continuous  and 
the  naehinery  used,   very  heavy,   a  on«  story  building  is  desirable. 

On  the  other  hand,  where  the  process  of  manufacture  is  in  well 
defined  stages  and  machinery  used  not  very  heavy,   a  nultiple 
story  building  is  preferable. 

The  amount  of  light  and  ventilation  required  will 
also  be  a  factor  in*det»rmining  the  size  of  the  plant. 
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WhPpft  buildings  are  uael  for  warehouse  purposes, 
their  size  will  be  fletermined  by  the  amount  and  nature  of 
merchaniise  f?tored.     BulKy  mi'srehandiae  will  require  larger 
builcJings  with  increased  story  heights,  while  heavy  and  contact 
commodities  will  allow  the  use  of  smaller  buildings  with  lower 
story  heights. 

The  coat  and  availibility  of  land  will  often  be  the 
deciding  factor  in  determining  the  size  and  height  of  the 
building.     Thin  brings  up  the  question  of  location. 

The  choice  of  location  is  governed  by  the  amount  of 
land  reouired,    the  value  and  availibility  for  future  extensions, 
the  amount  of  labor  in  the  vicinity,   Ihe  source  of  power,   the 
mipply  of  raw  material,    the  shipping  faelliti-^s  and  the  proxim- 
ity of  the  market. 

In  designing  the  structural  end  of  a  building,   the 
load  per  SQuare  foot  to  be  carried  on  evf?ry  floor  laust  be  deter- 
mined.    This  is  found  by  investigating  the  probable  contents  of 
the  building,   its  weight  and  distribution.     Where  definite  data 
of  loading  is  not  available,    the  appended  table  will  serve  as 
a  guide  in  determining  the  reouired  strength  of  floors. 

When  the  Kind  and  nature  of  the  contents  are  deter- 
mined,   the  spans  can  be  decided  upon.      The  spans  will  also 
depend  upon  the  size  of  girders  and  joists  to  be  used,   and  upon 
the  utili25ation  of  the  full  strength  of  materials. 
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In  timber  framing,   the  standard  commercial  lengths 
should  be  employed,     ooluran  i^pacing  if?  seldom  limited  by  the 
niae  of  oolunm  proper,  as  timbers  of  sufficient  size  to  oarry 
the  floor  loads  may  be  easily  obtained.     As  a  rule,   timber  poete 
will  not  be  of  excessive  size,    except  possibly  in  the  basement, 
where  space  is  not  very  valuable. 

The  framing  of  the  building  will  depend  upon  the  above 
mentioned  coniitions.     The  choice  of  materials  for  fraraing  will 
be  i^coverned  by   the  availibility  and  cost  of  such  Katerial. 

There  are  no  well  defined  rules  for  the  selection  of 
materials,   and  the  acquair.tance  of  the  designer  with  the  marKet 
conditions,   its  supply  and  prices,  will  be  of  great  value. 
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DETAILS   OF   CONSTRUCTION. 

After   the  Engineer  has  deciied  upon  the  materials 
to  t)e  used  in  the  nonstruction  of  th«  building,  h#  laifit  dirisct 
his  attention  to  the  building  a«  a  whole,   in  its  relation  to 
UKiintenance,  upkeep,   fire  protection,   etc.,   etc.     Frequently  a 
building  of  a  high  initial  cost  will  have  a  very  low  deprecia- 
tion factor  and  hence  will  be  more  econoaical  than  a  cheaply 
constructed  building  requiring  constant  repairs.     Close  att«>- 
tion  to  the  following  items  will  materially  aid  in  reducing  the 
cost  of  maintenqnoe  of  a  building. 

The  life  of  a  mill  conf?t3*ucted.  building  depends  raalnly 
upon  the  durability  and  preservation  of  l%>i  timber  framing.   It 
is  necessary  to  understand  thoroughly  the  ooniitions  which  bring 
about  timber  decay  and  the  methods  whereby  this  can  be  prevented 
or  retarded.     This  will  depend  upon  the  kind  and  quality  of  the 
timber  used,   the  conditions  under  which  the  timber  is  placed  in 
the  building  and  the  condition  under  which  the  structure  is 
maintained. 

Decay  of  timber  is  due  to  the  growth  of  wood  destroying 
fungi  within  the  tissues  of  the  wood.     There  are  two  stages  in 
the  life  of  the  wood  destroying  fungi; 

(1)     The  vegetative  stage,   consisting  of  thread-like 
branches  or  filaments,   named  mycelium. 
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(,?)     Thp  fruiting"  ctage,   which  in  a  compact  rcemn  df 
lycelium,    taking  a  definite  form  on  the  surface  of  the  decaying 
timbers  an;l   serving  for  the  prof!uction  of  spores  and  hence,   the 
propagation  of  thP  species.     The  chemiRtry  of  the  rotting  prooese 
is  not  well  Known  at  the  present   time.      SutTicient  to  say  that 
the  finp  nyceliuia  fills  up  the  pores  of  the  wood  and  the  cclle 
of  the  pith  rays,   an  well  as  hores  through  the  walls  of  the 
wood  eleiaents,   thereby  causing  general  disintegration. 

The  essential  con'titions  for  fungi  development  are: 

(a)  Sufficient  moisture. 

(b)  A  small  amount  of  air  within  the  wood. 
(o)  A  suitable  temperature. 

A  suitable  amount  of  moisture  is  the  most  important 
factor  in  the  decay  of  timber.  In  order  to  thrive,  the  differ- 
ent fungi  require  different  aniounts  of  moisture.  These  differ- 
ent degrees  of  moisture  will  develop  various  forms  of  decay,  of 
Which  the  most  commonly  Tcnown  are,  UAifP   HOT  and  DRY  ROT. 

Damp  rot  is  caused  by  a  group  of  fungi  known  as  member* 
of  the  polyporom  family.  Th'^y  require  a  large  amount  of  moiet- 
ure,-andl  are  particularly  destructive  in  poorly  ventilated  base- 
ments. Since  the  question  of  damp  rot  is  not  very  important  in 
a  well  constructed  mill  building  with  proper  facilities  for 
drainage,  we  will  confine  this  discussion  to  the  causes  and 
prevention  of  dry  rot. 
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I5ry  rot  i«  caused  by  a  group  of  fungi  Known  as 
*merullu8  lao^lry^I^ans"  and  *coniophora".  These  fungi  do  not 
require  a  large  airount  of  nHSiature  and  hence,   are  found  in 
reasonably  dry  buildings. 

The  building   timber  mat  be  infected  with  dry  rot 
ftingi  either  in  the  mill  or  yardi=}  where  it  is  stored  in  the 
proximity  of  infected  or  dl*»eased  timber,   in  transportation, 
or  during  the  erection  of  the  building,   viiere  it  is  unduly 
exposed  to  thp  action  of  the  fileicents,   or  while  in  the  build- 
ing, due  to  favorable  conditions  for  the  growth  of  the  fungi. 

Professor  Humphrey,   in  his  paper  "Timber  Decay;  and 
its  growing  importance  to  the  Engineer  and  Architect",  review- 
ing tile   oonditions  which  favor  thf?  development  of  rot-produoing 
fungi.   Bays:      "The  principal  nettrcee  of  danger  fall,  roughly, 
under  the  six  following  head"?; 

(1)  Placing  non-durable  timber  in  raoiat,   ill  ventilated 
baaements?  or  enolomireq  beneath  the  first  floor,   or  laying  sills 
in  direct  contact  with  the  ground. 

(2)  Inibedding  the  girders  and  Joists  in  brick  or  concrct* 
without  baling  the  ends. 

(5)     Placing  laminated  flooring  in  unheated  buildings  in 
a  green  or  wet  condition. 

(4)     Oovpring  girders,  posts  or  laminated  flooring  with 
plaster  or  similar  coating  before  thoroughly  dried. 
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(5)  G<^neral  use  or  non-rturable  grades  or  timber  in  a 
green  or  only  partially  seasoneci  conrlition. 

(6)  Use  of  even  dry   tiinbrr  of  low  natiiral  durability 
In  buildings  artificially  hlmidified  to  a  high  degree,    as  in 
textile  mills. 

A  further  element  of  danger  lies  in  the  use  of  timber 
infected  during  storage,   or  which  has  b<icome  infected  throu^i 
neglect  after  purchase  and  delivery. * 

In  order  to  prevent  rot  in  tjuildings,    the  first  con- 
nid^ration  is  the  use  of  timber  of  good  quality,   dense  and 
sound  in  every  respect^   absolutely  dry   and  seasoned  before 
placing  in  building.     Timber  having  a  large  percentage  of  sap 
wood  should  not  be  used  as  it  is  very  susceptible  to  infection 
and  decay.     The  question  of  rosin  content  as  a  factor  in  pre- 
venting the  growth  of  fungi  in  timber  has  been  widely  discussed 
with  the  result   that  some  authorities  recoraniend  the  use  of 
timber  with  3  to  5  per  cent  of  rosin. 

The  care  of  timber  during  the  erection  of  the  building 
is  next  to  be  considered.      Even  timber  of  good  quality  and  well 
seasoned  may  lose  its  resisting  power  by  undue  exposure  to  the 
eleni*»nts.      If,  however,    the  building  is  erected  during  a  rainy 
season  or  during  winter,   artificial  means  rnust  be  eniployed 
to  dry  it  out  before  it  is  occupied. 
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This  is  accoaipliahed  by  pnoloRing  the  ^^uilding  and 
heating  it  to  the  hi.^Jiwst  temperature  possible  by  the  use  of 
steam  plant  or  by  salamanders.     Heating  f^ould  be  kept  up  for 
at  least  a  week  or  ten  iays,   depending  upon  the  condittion  of 
the  building,     Oare  au'^t  be  talcen  to  properly  ventilate  the 
building  while  this  heating  is  going  on.     As  a  matter  of  pre- 
caution any  mill  building  should  be  treated  in  tthis  raann^r 
regardless  of  the  weather  conditions  during  prection.     The 
period  of  treatment  need  not  be  of  more  than  three  days  dura- 
tion under  ordinary  conditions. 

The  measures  to  prevent  dry  rot  in  the  building 
should  not  be  confined  to  its  construction  stages  only,   but 
should  be  continued  diiring  occupancy  of  the  building.    One  of 
the  most   important  considerations  should  be  the  ventilation  of 
all  portions  of  the  timber  framing.     This  is  accomplished  by 
proper  design  a«i  construction,   which  will  expose  all  timber 
to  air  cvirrents  and  will  insure  proper  circulation  of  air. 

A  sufficient  number  of  air  openings  for  direct  ventilation 
or  mechanical  means  of  ventilation  must  be  engployed.     Where  th« 
building  cannot  be  properly  ventilated  due  to  the  nature  of  the 
contents,   the  timber  should  be  treated  with  a  suitable  wood 
preservative, 
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Another  very  important  item  in  the  prevention  of 
dry  rot  is  painting.      A  heavy  coat  of  paint  may  accelerate 
or  retard  the  rate  of  rotting,   depending  whether  it  prevent* 
the  wood  from  abwsrblng  or  giving  up  moiature.     The  condition 
niof=it  nomraonly  met,   in  which  paint  oausea  rotting,   is  when  it 
i«  applied   to  green  tiraher^  saturated  with  water.      With  dry, 
sound  tirahers  which  are  to  be  placed  in  a  icoiRt  atmosphere, 
a  paint  will  prove  beneficial  in  proportion  to  its  waterproof- 
ing power.     In  ordinary  building  operations  however,    the  timber 
i«  not  well  sea«oned,and   therefore  a  positive  rule  should  be 
made  not  to  p^int,   varnifih,   plaster  or  otherwise  cover  the 
structural  timber  of  the  building  for  at  least  two  or  three 
years  after  completion.      If  decorating  is  absolutely  necessary, 
cold  water  paint  or  whitewashing  may  be  permitted. 

Timber  which  is   infected  with  dry  rot  fungi,   if 
properly  seasoned,   or  if  permitted  to  season  in  a  comparative- 
ly dry  room  will  not  be  destroyed  from  this  cause.     The  fungi 
will  become  dormant  and  die,   as  they  cannot  grow  except  und?er 
conditions  of  high  humidity. 
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There  is  no  absolutely  fire  proof  structure.  No 
matter  what  the  material  U55ed,  it  is  subject  to  failure  due  to 
th«  action  of  fire  and  water.  Therefore  the  problem  of  the 
engineer  is  to  de^sign  a  building  as  nearly  fireproof  as 
poaaible,  with  the  least  cost. 

The  well  constructed  mill  building  meets  this  require- 
ment to  a  marked  degree. 

The  building  miat   be  protected  from  damage  toy  fire 
originating  from  outside  sources  aa  well  as  from  fire  within. 

To  protect  the  building  from  fires  originating  out- 
aide,  the  walls  and  roof  of  the  building  must  toe  of  noncombust- 
ible  material  and  the  windows  and  doors  must  toe  fire  proof. 

Walls  should  be  made  of  sstone,  brick,  concrete  or 
tile.  Tile,  cinder  concrete,  and  composition  make  for  an  in- 
combustible roof  although  composition  is  not  strictly  fireproof. 

There  are  two  kinds  of  fireproof  windows  used,  namely 
solid  steel  frames  and  sash  and  s^eet  metal  frames  and  sash. 

Solid  steel  windows  consist  of  rolled  steel  shapes  riveted  or 
welded,  with  fins  extending  into  wall  on  all  four  sides.   Sheet 
metal  windows  consist  of  galvanized  iron  frames  and  sash  riveted 
together.   The  thickness  of  the  metal  used  will  vary  with  th« 
size  of  the  window,  and  should  not  be  less  than  j^24   gauge. 

The  size  of  fireproof  windows  is  usually  limited  by 
ordinance  or  requirements  of  the  National  or  Looal  Boards  of 
Underwriters, 
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In  Chicago  no  fire  window  nan  be  of  Piizr  largwr  than 
5*0*  X  9'0»,  unl*»38  divisions  of  inoombustibl©  material  is  used. 

In  pither  ease  the  window  op(»ning  mint  be  protf»cted  by  wire 
glass  of  standard   thickness   (l/s*   to  1/4")  or  by  electro-glaaad 
prism  glass.     Sills  and  lintels  must  be  of  Incorabufctlble  mat- 
erial.    Doors  nuat  be  either  of  steel  or  tin  olad,   and  will  to« 
discussed  later. 

In  order  to  retard  and  prevent  fire  from  spreading 
from  one  portion  of  the  building  to  another,   the  following 
construction  features  must  be  adopted. 

(1)  All  interior  partitions  should  be  built  of  incombus- 
tible material. 

(S)     Large  floor  areas  itaist  be  separated  by  fire  walls  of 
incombustible  material. 

(2)  All  stairways,   elevators,   and  other  shafts  must  be 
enclosed  by  combustible  walls. 

(4)  There  should  be  no  unprotected  floor  openings. 

(5)  All  door  openings  should  be  protected  by  automatic 
fire  doors. 

(6)  Sprinkler  system  and  other  fire  fightin  sr  apparatus 
must  be  installed. 

The  interior  fireproof  partitions  are  built  of  either 
hollow  tile,   metal  lath  and  plaster,   gypsum,   and  maoholite. 
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The  moftt  ooranionly  iieeti  partition  is  aade  of  metal 
lath  an?!  plast<M*,   about  two  inches  in  thickness,   and  consiating 
of  steel  channel  studding  covered  on  both  Rides  with  metal  lath 
and  plastered. 

The  area  of  floor  which  may  be  built  without  dividing 
fire  walls  is  usually  a  matter  of  official  regulation.     The 
Chicago  Building  Ordinance  alloww  a  floor  area  of  not  more  than 
12000  square  feet  in  an  unf=!prinkled  mill  building  and  16000 
square  feet  in  a  BprinKled  building.     Where  there  are  no  official 
restrictions,   the  placing  of  fire  walls  will  depend  upon  the 
type  of  construction  and   the  nature  of  occupancy.     An  a  general 
rule,   it  is  advisable  to  separate  by  fire  walls  portions  of 
building  where  fire  hazards  differ,  bixt  in  no  ease  should  the 
undivided  floor  area  exceed  16000  to  20000  square  feet.     These 
walls  are  usually  built  of  bricK  and  should  be  of  the  same  thick- 
ness as  the  outside  walls.     They  should  extend  from  foundation 
clear  through,   and  about  three  feet  above  roof. 

The  walls  enclosing  stairways,   elevators  and  other 
shafts,   are  built  of  hollow   tile  or  brick  and  should  completely 
separate  such  shafts  from  the  balance  of  the  building.     The 
stairs  should  be  built  of  incombustible  material  although  wooden 
stairs  of  heavy  framing  are  permitted  in  mill  buildings.   £xterior 
stairways  such  as  fire  escapes  should  always  be  made  of  inoonh- 
bustible  material. 


yiRg  PKOTECTIOH- ( co ntimftd ) 

All  openings  in  floors  suoh  as  for  chutes,  conveyors, 
platform  elevators,  «te.,  ^^hould  be  protected  by  automatic  fir« 
doom.  No  op<»aings  for  shafts  or  belts  shoull  be  allowed,  as 
they  furnij^  a  ready  passage  for  fire  from  floor  to  floor. 

All  door  openings  in  dividing  walla,  stair  and  shaft 
walls  s»hwild  be  provided  with  automatic  fire  doors.  There  ar« 
a  number  of  fire  doors  nsade  for  such  purpose,  namely  solid 
steel  doors,  tin  clad  wooden  doors,  hollow  metal  doors,  eoiru- 
gated  iron  doors  with  asbestos  lining  and  a  number  of  similar 
patented  doors.   Solid  steel  doors  are  made  of  steel  plates  of 
#12  or  #14  U.  S.  gauge,  reinforced  with  angles.  Tin  olad  wooden 
doors  are  made  of  wood  covered  with  two  or  three  thicknesses  of 
tin.   Hollow  metal  doors  consist  of  east  plates  juolded  to  various 
designs.   Corrugated  iron  doors  with  asbestos  lining  are  made 
of  two  or  three  thicknesses  of  asbestos  covered  with  corrugated 
sheet  iron.   Of  other  doors  used  the  rolling  steel  shutters  and 
the  double  sliding  elevator  doors  are  used  to  a  great  extent. 

Fire  wall  openings  should  be  protected  with  doors  on 
both  sides  of  walls.   Boors  are  either  of  hinged,  sliding  or 
rolling  type.  The  hinged  door  should  have  a  strong  check  and 
holder  to  automaticaiy  close  it.  The  sliding  and  rolling  door 
if  held  open,  mist  have  a  fusible  link  to  eutonsatically  close 
it  in  case  of  fire.   All  sills,  lintels  and  frames  of  such  doors 
must  be  of  incombustible  material. 
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yiRf  PHOTEOTIOW-(contlnueft) 

In  order   to  «ff«etually  protect  building  and  contenta 
from  fire  and  to   arrest  the  spread  of  conflagration,   an  auto- 
ma  tio  sprinkler   gyqtem  should  be  inf?talled.      A  standard  sprlnKlwr 
system  eonBist«  of  series  of  pipes  manpended  frwn  the  oeiling 
and  having  sprinkler  heads  with  fusible  11?iXb.     The  pipes  are 
from  ei?ht  to  eleven  feet  on  centerfi,   depending  upon  the  corv- 
struction  of  Gilding  and  the  sprinkler  heads  are  usually  pro- 
portioned «o   that  one  head  will  serve  about  one  hundred  square 
feet.  The  fusible  link  of  the  sprinkler  head  will  melt  and 
admit  a  stream  of  wat«r  when  the  surrounding  temperature  reaches 
160  degrees  ?ahr<"nheit.     In  buildings  where  the  nature  of  th© 
occupancy  is  such  that  very  high  teng>eratures  are  employed,   th« 
fusible  heads  are  made  to  melt  at  212  f^tigre**^  ?a?irerJ7eit. 

The  piping  is  connected  by  means  of  branch  risers  to 
a  main  feeder,  which  is  supplied  with  water  in  the  following 
manner: 

(1)  By  gravity  tank  located  above  the  roof,   at  least 
twenty  five  feet  above  highest  sprinkler  head  in  the  building, 
thus  supplying  a  pressure  head. 

(2)  By  steel  pressure  tank  located  above  the  roof  where 
water  is  kept  under  air  pressure.     The  air  pressure  is  supplied 
by  means  of  an  air  ptin®. 

(S)     Py  means  of  an  electrical  or  steam  driven  fire  pump 
which  forces  water  into  the  sprinkler  mains.  This  puragp  is  con- 
nected to  the  city  water  supply  by  large  piping  and  operates 
either  automatically  or  by  manual  control. 
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TIRE  PROTEqTIOH-fcontlnuod) 

A  standard  system  should  have  at  least  two  souroes  or 
supply,   always  having  a  gravity  tanfc  and  one  of  the  others. 

Where  it  is  found  cheaper  to  pay  a  somewhat  higher 
insurance  rate  than  to  install  a  standard  system,   a  one  «ouro« 
supply  system  is  used.     This  usually  consists  of  a  gravity  tanK 
of  sufficient  elevation. 

The  above  described  system  is  Known  as  a  "wet  system". 
rt  can  be  used  only  where  the  temperature  of  the  building 
never  drops  below  42  degrees  Fahrenheit.     Where  lower  tempera- 
tures are  maintained,    the  so-called  "dry  system*  is  used.     In 
the  dry  jgyntem  the  general  piping  and  water  sources  are  the  same 
as  in  the  wet  system,   but  the  distribution  branches  are  filled 
with  air  under  pressure.     When  the  spriiiKler  head  opens,   the 
air  pressure  is  released,   opening  a  dry  valve  in  t'ne  main  supply 
pipe  and  al  lowing  water  to  flow  through  the  pipes  to  the  open 
sprinkler  heads. 

In  p-ither  system,   an  outside  connection  ia  provided 
whereby  water  may  be  supplied  directly  to  the  system  by  means 
of  fire  apparatus.     This  is  essential  where  the  house  supply 
becomes  exhausted  during  fire. 

There  are  a  number  ot  safety  devices  sur^h  as  check 
valves,   alarm  bells,  etc.,  used  in  all  systems. 


yiRK  PPOTFCTI OH- {continued) 

¥her<*  autoraatic   sprinklers  are  not  uaed»  other  fire 
fighting  apparatU!9  raufjt   be  «mploy#»4,     Chi«f  among  thf^se  ar« 
fltandpipes  directly  oonnectefl  to  city  water  supply  an?l  having 
reels  of  fire  hose  conn«Kjted  on  each  floor.      Chemical  extinguish- 
ers and  buckptfl  filled  with  sand  or  water  are  al«o  very  ofien 
used. 

?rom  data  supplied  by  the  various  insuranoe  conipaniee 
and  boards  of  underwriters,   it  in  clearly  «?hown  that  a  mill 
eon'^trueted  iTuiliing  eouipped  with  an  approved  autonsatic  sprink- 
ler system  furnishes  an  exoellnnt  fire  risk.     Such  buildinge 
can  be  classed  with  fireproof  buil'^ingg  in  every  re»pect  and 
furnish  as  good  a  protection  to  the  contents  as  laofit  of  the 
fireproof  buildings. 


COST. 


The  cost  of  the  rlifffrent  parts  of  a  builriing  varies 
with   th«»  local  coniition«»,   oor?t  of  labor  and  cost   of  materials. 

This  mib.l-^ct  ia  a  very  iifflcult  one  to  handle,    for  the  reason 
that  costs  ar<%  always  relative,   ani  what  may  be  ri^ht  in  one 
instance,   may  be  «a'?ly  in  «»rror  in  another  case  which  nT>p»-»ra 
to  be  alrailar.      A  correct   estimate  of  the  cost  of  a  building  i» 
of  the  uttaost  importanc*,    an  frequ<»ntly  the  coat  will  be  the 
d»»ci4ing  factor  in  the  choice  of  the  kind  of  building   to  be 
'»reete4,  and  at  tir;jes  will   determine  ush^thcr  the  building  is  to 
be  free  ted  at  all. 

We  will  nlso  taKe  up  the  comparative  costa  of  mill 
construct*"*  build inge  and  their  most   intportant  coKP«-tltive  type, 
thf»  reinforced  concr'^te  buildinge. 

The  diacusaion  of  the  subject  of  cost  will  b«  divided 
into: 

(1)  Cost  of  material. 

[2)  Oost  of  labor. 
(S)     Oo9t  of   erection. 
(4)     Co««t  of  maintenance. 

The  coat  of  raaterial  variea  with  the  proximity  of  the 
building  io  the  •ource  of  aupply,   the  coat  of  transportation 
and  the  relation  between  aupply  and  demand.   For  this  reason  no 
i definite  eoj^t  of  material  oan  be  given. 


COST-(contimi*»?l) 

To  Illustrate: 

The  cost  of  brick  will  dep«n4  upon  whether  the  kilns 
are  located  within  team  or  truck  hauling  distance  from  the 
^juiliing,   or  whether  itt  han  to  he  shipped  by  railroad.     The  coat 
of  timber  Tfill  depend  upon  whether  it  is  to  be  taken  from  the 
local  lumber  yards  or  ts  to  toe  shipped  from  the  mill.     In  this 
eaee,    timber  of  the  same  quality  and  grade  will  cost  more  when 
tak«»n  from  the  local  yards.     Also  larger  size  timbers  will  cost 
more  per  thousand  board  feet  than  snsaller  size  lumber  of  the 
same  quality.     When  building  operations  are  extensive  and  the 
demand  for  material  is  great,    the  prices  will  rise.     On  the 
other  hand,  during  a  period  of  depression  the  prices  will  decline. 

The  cost  of  labor  is  also  a  very  uncertain  quantity, 
iepending  entirely  v*pon  union  regulations.     The  rate  of  wages 
paii  in  the  building  trades  will  depend  upon  the  strength  of 
the  labor  unions  and  the  organization  of  the  various  trades. 

In  a  large  city  like  ohioago,   the  various  labor  unions 
are  organised  into  a  central  Building  Trades  council,   while  ths 
employers  are  organized  into  a  Contractors'    Association.     Thea« 
two  bodies  fix    the  scale  of  wages  for   the  different  trades.   This 
rate  is  constantly  varying  and  has  a  g<»neral  upward  tendency. 

This  is   illustrated  by  the  ooraparison  of  the  to.  tes  in 
Chicago  during  1915  and  1916  for   the  same  trades: 
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COST- ( o  on  t  inu  «wl ) 

RATE  0?  WAGSS  PFR  HOUR. 

Tra<l«,                                                                          1915  1916. 

Carpenter* $  .65  |  .70 

G*?iwnt  Finishers 65  .67-1/2 

La>)or«?ri?  and  Hodearricrs 40  .45 

ilarblo  Outt«»r»  anrl  Setter* 68-S/4  ,71-7/8 

Ornanipntal  Iron  setters 67-l/g  ,70 

ghf><^t  Metal  Worker* 68-5/4  .70 

5? tone  Cutter* 62-1/2  .70 

Structural  Iron  Setter* 68  .69 

Outside  of  the  oo*t  of  labor  and  material  there  ar« 
a  number  of  item*  which  enter  into   the  cost  of  the  building. 

Thef^e  it  era*  can  be  -rylas^fified  under  a  general  heading  of 
erection  or  overhead  cost.     Thi*  will  include  auperintendenoe, 
permit*,   eauipraent,   office  expense,  watchman,   timeKeeper,   etc. 

The  erection  cost  can  be  easily  estimated  and  will  depend 
entirely  upon  the  nlvsn  of  the  ;|ob  and  the  organisation  of  the 
contractor. 

In  designing  a  btiilding,    the  cost  of  maintenance  and 
depreciation  rauat  be  considf'red  together  wit  h  the  initial  eo«t 
of  the  building.     The  maintenance  charge*  are  made  up  of  the 
following  item*: 
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tnjw  iToJrtfljcoo- 


(1)  InsiiraTKjft. 

(2)  Tax«8s, 

(3)  Heating. 

The  cost  of  in^uranee  will  'Ippend  upon  the  typr  of 
con«ttrur»tion,   •sirtipth«r  builiing  in  flprlnkli^d  or  not,   the  fire 
•xpoQure  and  the  nature  of  the  oooupancy.     The  atandar'i  mill 
eonfltrueted  buildir^,   if  sprinkled,   will  eormand  almont  as  low 
a  rate  of  inmiranoe  as  a  fireproof  building.     The  location  of 
the  buildij^  with  respect  to  other  buildings  or  fire  hazards 
and  nature  of  exterior  walla  and  windows  on  mich  exposnxres  will 
influence  innurance  rates, 

Taxea  will  depend  upon  the  cost  of  lani  and  building. 
An   the  cost  of  the  building  will  vary  with  the  type  of  con- 
struction,  which  in  turn  will  regulate  the  anaaunt  of  taxes, 
thi«  must  be  connidered  by  the  engineer. 

The  cost  of  heating  the  building  will  also  be  a 
fitfiction  of  the  type,     it  will  copst  less  to  heat  a  mill  building 
than  a  concrete  building  of    the  saiae  cubical  content,   all  other 
things  being  eqtial.     The  thicK  walls  and  heavy  framing  of  a  lalll 
constructed  building  will  transiait  less  heat  than  a  concrete 
buililng.      On  the  other  hand,   a  flat  slab  concrete  builfiing 
havlr^  the   same  working  space  will  be  of  a  smaller  cubical  coit- 
tent  due  to  its  a«duoed  floor  thickness  and  will  consequently 
require  less  heat. 
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COST-(  cont  iiiued ) 

Actual  flgur««^,   based  on  existirig  buildings,  will 
alone  rteterraine  which  is  the  aoBt  ertonomical. 

The  question  of  depr«»ciation  han  been  widely  diacUBsed 
among  ownera  8und  en^^ineers,  with  no  definite  conclURions.     It  i« 
ea^toroRTV  to  figure  about  S^  depreciation  per  year  for  a  mill 
builiing  and  about  1«^  for  a  concrete  building.     This  is  approx- 
inat e  at  best,   as  reinforced  concrete  oonntruction  is  of  reoent 
ori^jin  and  no  definite  data  as  to  how  long  such  buildings  will 
stand,   can  be  obtained. 

Another  charH«  to  be  conBidered  in  maKing  an  estimate 
for  a  building  -  the  charge  for  obsolescence.      It  is  found  by 
observation  that  a  coniaiercial  builling  may  outgrow  its  useful- 
ness before  it  is  ac  tuslly  detftriorated.     The  chancres  of  con- 
dition,  such  as  larger  machinery,   changed  character  of  mirround- 
Ings,   different  requirements  fbr  light  and  ventilation,   etc,, 
may  necessitate  the  early  abandonment  of  the  building.     The 
exact  percentage  to  be  charged  for  obsolescence  is  indefinite, 
and  isust  be  based  upon  the  probable  industrial  changes  and  the 
nature  of  the  construction,     A  concr*»te  building  with  large 
spans  and  a  maxinaun  amount  of  window  area  will  be  useful  for  a 
much  longer  period  than  a  mill  constructed  building  with   its 
smaller  spaces  and   large  pier«. 
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COST-  { cont  imierl ) 

In  ordfT  to  icaKe  a  pr«lirainary  <?stiraate  of  (sont  of  a 
buililTjg,   before  worKini;  draKing»  ar«  nad*^,   it  ifl  euntoraary  to 
flgurii  the  oo«t  p««r  cubic  foot  of  builcling  or   per  »quar»  f«»t 
of  total   floor  area.     In  fi/^iring  the  cubical  content     of  th« 
buii-ilji^,    the  area  of  a  typical  floor  is  Miltlplied  by  the  total 
height,  from  the  unrlerside  of  the  foundation  to  the  highest 
point  of  roof.     The  total  floor  area  ±n  founS  by  adding  the  arean 
of  each   floor,    including  basement.     Roof  is  not  included,   Th« 
cost  of  a  standard  flgprinKled  mill  con5>itructed  building  varies 
froa  8-1/2  cents   to  IS  cents  per  cubic  foot.      The  cont  per  square 
foot  rill  vary  from  $1.10  to  |l,?50. 

To  illu«?trate  the  eoAt  of  th«  variou«  trades  that 
enter  into  the  construction  of  the  building,   we  will  give  a  few 
examples  taXen  froia  actual  practice. 
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COST  -  ( con  t  inued ) 


SPygS   STORY  AKP  BASEM?!WT   MILL   C0H5TRUCTFP  BUILDIMG. 

BUILT  IN    rTHlaAGO   IN    19Q8. 

Live  Load  per  squarw  foot  -  200  lb». 

Total  floor  ar«a  -  -     112000  «c[nar«  feet. 

Cubical  content 1500000  cubic     feet. 

Cost  per  f?Quare  foot -$  l.SO. 

Cost  per  cubio  foot  -  -  -     9,8  cents. 

Character  of  WorK  Cost  per  (Jublo  Foot. 

Masonry ?-19  eenta. 

Carpentry 2. 15 

Structural  steel 1.B7 

Tire  Doors 1. 24 

Pire  Windows  and  sheet  Metal 0,15 

Hoofing 0-03 

Plumbing 0. 58 

Glass 0.  04 

Painting 0. 10 

Steam  Heating 0,67 

:  1  evators 0.  .^5 

Sprinkler  system. 0,64. 


CO  ST- (continue  ft) 


SirVEN    STORY  ANP  BASKMFNT   MILL   OONSTBgOTEI)  BUILDING. 

yiGURES  TAKES    IH    1915  -   gHlCAGO. 

Live  Load  per  square  foot    -    280  Iba. 

Total  Floor  Ari^a I2OOOO  square  ft. 

Cubical  Oontent       -  1500000  cubio     ft. 

cost  prr  square  foot #  1.08, 

Cost  p«r  cubic  foot 8.6  oi!»at». 

Character  of  Worfe         Cost  per  Square  Foot.      Goet  per  Oubio  Foot. 
Masonry S4.5  cents ??.7     cents. 


Carpentry 58,3 

structural  steel. *.IroB..  l.v 

illseellaneouq  Iron 4.9 

Fire  lacapee 0. 7 

Fire  Windows  A  Sheet  Metal  2. 5 

Roofing 0,4 

Plumbing 2,  0 

Glass  &  Glazing 0.  S 

Painting 0.4 

Heating 5.0 

Elevators 1,  9 

sprinKl*rp  system 7.5 

Electric  work 1,4 

Plastering..... 0.8 


••  3.10 

»  0,  e 

•  0,4 

•  0.  06 

•  ^5.^^ 0.20 

•  ..O.OS 

•  0,20 

•  0.  02 

•  0.  OS 

•  0,40 

■  0,10 

•  0.6 

•  0.10 

•  0.06 


0Q5T-(contiTltier1j 

TWO   STORY  AND  BASFMJ??T   MILL   qOKSTRUCTED  BUILDING. 

BUILT   IN    CHICAQO  IN    1917, 

Live  Load  p«r  «quar«  foot 100  lb«. 

Total  floor  area ?7500  square  fe<»t. 

Cubical  content fjPSOOO  cubic     feet. 

Coat  per  aqMare  foot $  1.6s, 

Coflt  per  oubie  foot 11.5  cents. 

Character  of  WorK  Cost  pen- Cubic  Foot, 

MasorEpy  aM  Carpentry 6. 14  cents. 

Structural  Steel 0, 47 

Sheet  Metal  and  Metal  Windows 0.42 

Iron  Boora  and  Mi*?eellaneoue  Iron. 0.89 

Roofing 0,  01 

Plumbing  and  Drainage 0.43 

Glaea  and  Glazing ^ 0. 01 

Painting 0.  01 

Steam  Heating 1.59 

Elevators 0.  S4 

Sprinkler  system. 1. 12 

Elletrie  wiring 0.  26 

Lathing  and  Plastering 0. 05 


COST- ( eo  nt  inu  f*d ) 

DurlBg  the  last  f«w  year«,  with  the  perf#»ction  of 
r«inforoed  csoncreta  Uiilding  construction,    there  has  been 
a  «n*«at  deal  of  .'liscuasioB  aa  to  the  comparative  costs  and 
merits  of  these  two  Xyj>e«.     The  advocates  of  each  type  have 
pr'-p^rrd  tables  j=!howing  the  coaaparative  costs  and  relative 
ra<«rite  of  these  typ<»s,  which  are  herewith  given: 
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COST-  ( cont  inu*^-! ) 

TABLt  #1. 
Prepared  by  Universal  Portland  Cement  Cowpany. 


COMPARATIVE  COSTS   0?   REINPOECED  C OK C SITE 

AND  MILL   OONSTRUCTED  BUILDINGS 

(Frojii  standpoint  of  Owner) 


BUILDJ^fC    100«    by    175« 
7  >itori««5  an!  ba«ement. 


REIN FORCED 
GOUCBnt 
(PIR2PR00?) 


Total  Floor  Area 
I40,0gfj^j^   0Q.   ft, 

COM  STRUCT  I  OH 
(NOT   FIREPROOF) 


Fir«t  Cost  Of*  Building 


|1.S5  per  so.    ft. 
or  |189,000.00 


First  CoBt  SprinKler  Systeai 
Total  First  Investment 


14.000,00 
^202,000,00 


tl#20  per  80.  ft. 
or  *168,000.00 

14. OOP. 00 
$182,000.00 


First  Investment  Fireproof  More  Than  Mill  Construction, 

421,000,00, 


Interest  on  First  Investment  65t     I 


12. 
2. 


Tax  on  First  Investment  1^ 

Depreciation  on  Building       0,5^ 
Obsolescence  1.0^  1* 

Depreciation  on  sprlnltl«r       104  1» 

Repairs  to  Building  1/4% 

Damage  to  Building  by  Vermin-None 
Auxiliary  Fire  Iqiiipment-lstimated 
Fire  Insurance  on  Building-Kone  Seqd. 


180. 00 
OSO.OO 
945.00 
890.00 
400,00 
472.50 

200.00 


I  19,117,50 


I  10,920,00 
1,820.00 
3,260,00 
5,560.00 
1,400.00  m 
1,680.00  H 

200.00  Est.  low 
500.00  Est. 
255.20  I4«f  OB 

.  fioo. 

I   25,275.20 


Yearly  Expense  Fireproof  Less  Than  Non  Fireproof     ♦     4,157.70 


The  yearly  saving  of  #4,157,70  capitalized  at  e4 
represftnts  $69,295.00,     Therefore,   actual  cost  of  concrete 
building  is  #119,705.00  in  coinparison  with  one  of  mill 
construction  costing  168,000.00. 


COST- ( con  t  iiuied ) 

TABLE  #1  -   (oontimed) 
Prepared  by  Univer«al  Portland  Q^iatnt  Company. 


COMPARATIVE  COSTS    0?   RKIHFORCFD  OONCRETl 
AND  MILL    OONSTRUCTKD  RUILDINGS 
(Prora  otanflpoint  of  Own«r  occupying  building) 


BUILDING  lOO*    by   175' 
7   stori««  and  basement 


RSIN70RCED 

OONCKJrrE 
(PIRKPROOP) 


Total  Ploor  Area 
140,000        «q.    ft. 

MILL 
CONSTRUCTION 
(MOT   PIREPROOP) 


Pijrst  Oo«t  of  Building 

or 

PirM.  (To«t   Sprindcler  System 


^1.35  pfor  eg- ft,     1 1.20  per  sq.ft. 
1X89,000,00      or   #168,000.00 


Damage  to  Content*  by  Vermin 

Pi»e  Insurance  on  Content?.^ 

26f  on  $100.    (Valuation  f 250, 000). 


14.000.00 
1205, 000. 00 

50.00 


650.00 

700.00 


Prom  Sh«*»t  #1 I  19.117.50 

I  Is'elV.BO 


14.000.00 
$182,000.00 


250.00  Est. 
^O 


___75o^  ( ISBofjor-j 

1,000.00   valuitioB)' 

f   23.275. 
I   24,275. 


J2 
20 


Yearly  Sxpenee  Pireproof  Le«B  Than  Mill  Construotion     I  4,457.70. 


Capitalised  at  6^,   this  yearly  saving  represent* 
174,295,00  which  can  be  applied  as  a  rrtortgage  which  can  be 
renewed  indefinitely,   if  deaired,  and  it  generally  i» 
desirable  to  do  this  becauee  looet  businesses  pay  better 
dividends  than  &^,     Therefore,   the  actual  cost  of  concrete 
building  ie  #114,705  in  eongparinon  with  one  of  mill  eon- 
''truotion  costing  #168,000, 


qosT-Coontiaued) 

TABLE  #2. 
Pr«paTed  By  American  Luaberoaia. 


OOMPARATIVI   OOST    OF   RillNFOFCEB   COMCRSTE 
AND  MILL   OONSTRUOTEI)  BUILDINGS. 
-From  standpoint  of  Owner- 


BUlLTUwa  100«    oy  175» 
7  storiftR  ftn<J  basemftnt 


REINFORCED 
COHCRSTE 


Total    Floor     Area , 
140,000  square  feet 
(In  concrete,   includ- 
ing roof ,l57500»q.ft 

UILL 

CONSTRUCTION 


$l.S5.per  sq.ft       ^1.20  per  so. ft 
or  f2lg,625.60  or      |l68,000.00 


First  Cost  of  Building 

yirst  Cost  of  sprinKlers 

(Lindstrom) 
Total  First  Investment 


IS, 000. 00 
♦225,625.00 


12,350.00 
♦180,050.00 


Firet  Investment  Conor «»te  more  than  Mill  Construction, 

$45,575.00. 


Interest  on  First  Investment  ©i     ♦ 
Tax  on  First  InvestJiiient  l4 

Deprerjiation  of  Building       ^.5^ 
Obsoleeeenee  2.5^ 

Tepr'^eiation  of  SprinKlers     10% 
Repairs  to  Building  -  pract- 
ically equal  (Hedges) 
raa-age  to  Building  by  Vermin- none 
Auxiliary  Fire  Equipment- 
No  Difference  (Hoxie) 
Fire  Inmirance  on  Building  E»t. 
Comparative  Yearly  Cost  ^ 

Add  estiraated  cost  injjfwranoe 
on  contents 

F 


15,557.50 
2,256.25 
1,128,15 
5,641.65 

1,200.00 


100.00 


25,965.51 

650.00 
24,61?..  51 


6^ 
H 

iq4> 


none 


HioBZ 


10,815.00 
1,802.50 
5,605.00 
1,802.50 
1,225.00 


252.55 


I   19,502.55 

750.00 
f   20,252.55 


Difference  in  annual  cost  favoring  itill  construction, 
t4,561.60,   or  $72,686.00  capitalised  at  6^4.      Deducting   this 
from  first  cost  of  mill  constructed  building,   1180,250.00, 
leaves  §107,564.00  againet  $225,625.00,   first  cost  of  concrete 
building. 


COST- (continued) 


TABLB  ^S. 

COMPARATIVE  COST   OP   REINFOFOID   CONCBBTI 
AND  UILL   COKSTRUOTFD  RIIILDINOS. 
-From  Btandlpoint  of  Own«r- 
-Coraplled  l!>y  Paxil  G«p!iardt,   Airhit«ct,     Ohieago,- 


BTTILTIIKG  100»    by  150« 
7  fstories  and  basement 


RieiNFOROBB 

CON  0  RETS 
(PIRJBPROO?) 


Total  Floor  AT99i 
l;30,000iiqare  fact 

MILL 

OOH STRUCT I ON 
(NOT  FIREPROOF) 


First  Cost  of  Building 

First  Oo*?t  Sprin^lpr  Syntem 
Total  First  Inv<»!Rtn»nt 


$1.06per  sq.ft. 
or  #127,350.00 
9.150.00 
|1S6,500.00 


$1.02  p«p  eq.ft. 

or   ^122,777.00 
9.000.00 

^1S1,77V.00 


First  IiiveRtnn?nt  Fir«?proof  mor^  than  Mill  Construction, 

#4,725.00. 


Interest  on  First  Inv«j»tra«nt  64     # 


8,190.00 
1,565,00 
1,365.00 
1,S6B.00 
915. 00 
54.1*25 


Tax  on  First  Investment  1<^ 

r)epr*»eiation  of  Building  l4 

0bsol«se«r»«  lit 

Depreeiation  of  sprinklers     10^ 
Repairs  to  Building  l/44 

Damags  to  Building  by  Vermin-Non*  - 

Auxiliary  Fir*  Squipjcent-  i»  depend-         - 

ent  upon  nature  of  contents  of  toldg. 
Fire  In?=niranfte  on  Building  5.5^  7c  07 

per  1100.00.  ^' 

115,616.52 


14 

iM 

&24 

i4 

Est. 


7,906.00 
1,317.77 
2,571.98 
2,839.09 

900.00 
1,317.17 

200.00 


^tioSf^    i84.48 
117,096.49 


Yearly  Expense  Fireproof  Less  than  Non-Fireproof  -  #5,480.17. 


The  yearly  saving  of  #5,480.17  oapitaliaed  at  64 
represents  ^58,005.00.  Deducting  this  from  first  cost  of 
eoner'^te  building,  #156,500.00,  leaves  #78,497.00  against 
#151,777.00,  first  cost  of  mill  building  or  about  604. 


COST- ( oont Inued ) 


TABLE  i^S  -   (continued) 


COMPARATIVE  COST    0?   RFIMPORCED  CONCRETE 
AND  MILL   CONSTRUCTED  BUILDINGS. 
(Proai  stanipolnt  of  Own«r  oooupying  building) 

mm  ^  ^m 

-ConpilM  ijy  Paul  0«phar(tt,  Arehiteet,   Chloago.- 

BUILDING  100«    tjy  150*  Total  Floor  Ar«a 

7  fltoriftR  and  bas«mi»nt  120,000  square  f«et 

REINFORCED  MILL 

CONCRETE  CONSTRUCTIOR 

(PIRXPROOF)         (NOT   FIREPROOF) 


First  co«»t  of  Building  ^1.06  p«r  sq.ft.       #1.02  per  aq.ft, 

First    cost  Of  Building  ^^  #127,550.00  1122.777.00 

First  cost  STpriaKler  system  9.150.00  9,000.00 

$156,500.00  $151,777.00 

Dama,<ye  to  oont<»nt«  by  Vermin  50,00.  (Estiraat»»d,   250.00 

Fire  Innur^nee  on  Contpnte 

15^  per  $100.  (Valuation  $250,000)         575.00.((18^  per        450.00 

(llOO.Val. 

(^250,000. 

425,00  700.00 

From  First  Table(Part  1, Table  #5)   15.616.52  17.096.49 

I   14,041.52  $   17,796.49 

Yearly  Expense  Fireproof  Less  than  Non-Fireproof  -  $5,755.17. 

Capitali!?ed  at  9^,  this  yearly  saving  represents 
162,586.00,  which  if  applied  as  a  mortgage,  can  be  renewed 
indefinitely,  if  desired,  and  it  is  generally  desirable  to 
do  this  because  most  businesses  pay  better  dividends   than  6^. 

Therefore,   the  actual  cost  of  conorffte  building  is 
f75,9l4.00  in  comparison  with  one  of  mill  construction  costing 
|IS1,777.00. 


(b*, 


ii-.tmS  M^UAf 


♦OP. I   V 


SUMMARY, 

Th«  designer  of  modern  buildings  i«  confronted  with 
a  multitude  of  probleiae.   He  mu«t  carefully  consider  the 
present  and  pos^jible  future  needs  of  those  who  are  to  occupy 
the  building,  and  cwst  produce  a  structure  that  will  be  capable 
of  satisfying  these  needs. 

The  type  of  building  to  be  chosen  will  a  good  many 
times  depend  upon  the  cost.  There  are  many  classes  of  business 
that  will  not  bear  the  cost  of  high  priced  building.   In  such 
oases,  the  designer  will  he  congpelled  to  choose  a  type  of  con- 
struction which  is  economical  in  thr  first  cost,  and  yet  will 
have  a  low  depreciation  factor.  Besides  the  question  of  initial 
economy  and  depreciation  he  imst  also  consider  the  cost  of 
maintenance  and  the  requiretcents  for  the  health,  safety  and 
comfort  of  the  occupants.  The  btiilding  nainX   be  so  designed 
that  it  will  proE»t«  the  efficient  handling  of  the  occupants* 
iwsiness. 

In  suHjraing  up  the  principal  requirements  of  a  mill 
constructed  building,  the  following  must  be  considered: 

(a)  Proper  Materials. 

(b)  Correct  Design. 

(e)  Standardization  of  Details. 

(d)  Adaptibility. 

(e)  Advantages  and  Disadvantages. 


SUl^ARY-(  eontinu«4 ) 

Th«  llf«  of  a  tar  structure  <t«»pend8  mainly  upon  th« 
U9«  of  the  proper  materials  in  a  correct  manner.     What  are  th« 
proper  materials  for  a  speoifio  case,    is  at  times  difficult  to 
detennine.      Materials  which  have  given  good  service  under  oa« 
a-!t  of  con'^itions,   rcay  prove  entirely  ilnsatlnfactory  in  other 
eases,      A  slight  change  in  the  materials  will  often  five 
different  results  even  i»hen  used  under  similar  conditions. 

In  a  mill  constructed  building,    special  care  imist  be 
tax  en  to  see  that  the  proper  grade  of  lumber  is  uged.     Timber 
is  nKsre  or  less  of  an  unKnown  quantity,   due  to  the  many  varie- 
ties of  structural  grades  on  the  marHet,     It  is  difficult  to 
obtain  suitable  material,  unless  the  specifications  are  care- 
fully drawn  and  rigidly  adhered  to.     Even  with  the  utmost  care, 
it  is  next  to  Impospible  to  detect  ^h*»ther  timber  is  infected 
with  dry-rot,  unless  a  laboratory  analysis  is  made. 

Ifasonry,   steel,   sheet  metal,  roof'ing,   various  mech- 
anical equipir^nts,   «»tc.,   ar^  all  important,   but  their  quality 
has  been  standardized  and  with  reasonable  supervision,   th^re 
should  be  no  trouble  in  obtaining  good  results  with   them, 

▼hen  due  precautions  are  taKen  1  o  obtain  the  proper 
materials,   satisfactory  results  nay  be  looXed  for,   both  in  the 
initial  cost,   maintenance  and  depreciation. 


SUm£ARY- ( eont  Inued ) 

A  correctly  df^Bignpi  building  jmi«t  b«»  of  aBSplw  niz« 
to  accorflo4ate  th«  needs  of  the  occupant  and  must  give  absolute 
protection  to  the  contents.     The  requirementg  for  safety  and 
comfort  of  the  occupants  must  be  met.     This  will  include  pro- 
viwionn  for  ample  light,  heat  regulations  and  neoei?sary  ventil- 
ation.    Th«3c  items  naturally  vary  with  different  occupancy, 
am  eonsequantly,    each  building  rill  be  a  problem  in  itself. 

The  building  must  b«  provided  with  suitable  raeans  for  fire 
extinction,    such  a«  a  sprinkler  pystem,   atandpipe«,   chemical 
©xtinguinhers,   *^te.     An  economioally  designed  building  inu«t 
hav«  all  details  entering  into  its  construction  standardized, 

Thi3  means  that  the  building  naist  be  so  deeigne-d  that  only 
standard  eomraercial  sizes  and  shapes  are  used.     Wherever  poss- 
ible,  the  floor  panels  should  be  of  equal  size,    and  floors  of 
aaffie  height.     This  will  allow  the  use  of  the  same  length  of 
posts,   joists,  girders,  flooring,   etc.      standard  sizes  will 
allow  the  repitition  of  connections,   such  as  post  bases,  caps, 
bearing  plates,  hangers,   bolts,   anchors,   etc.      All  this  tends 
to  reduce  the  cost  of   the  ouilding  and  promote  ease  and  speed 
of  erection.     It  is  cheaper  to  cut,   ship  and  frarae  tiaber  of 
equal  length  and  size,   and  it   will  talce  less  time  to  handle 
during  erection.     Where  castings  are  used,    th«^y  should  be  as 
far  as  possible,   off  the  aame  kind,   in  order  not  to  have  too  many 
patt^-rns.     This  will  also  apply  to  the  fabricated  steel  con- 
nections and  in  general  to  all  details. 


smJMAKY-  ( o  ont  lAuecl ) 

This  stanSardization  of  .letails  should  not  be  limited 
to  the  framing,  hut  should  be  applied  to  all  other  features  of 
the  htuiliing.      Doors  and  winrJows  should  he  of  the  same  si25e 
yfti^T^ver  possible,    and  should  always  be  of  standard  dimensions. 

Even  the  architectural  treatment  of   the  building  should  be 
proportioned   with  this    point  in  view. 

Mill  constructed  buildings  are  adapted  to  a  variety 
of  uses,     la  almost  any  industry  where  conditions  are  normal 
and  no  extraordinary  fire  hazards  prevail,   a  aiill  constructed 
building  may  be  used  to   advantage.     It  will  carry  comparatively 
heavy  loads,   say  up  to  500  pounds  per  square  foot,   withotit 
maKing   the  attructure  too  oumhersorae  and  expensive.     Such  build- 
ings have  been  used  with  entirely  satisfactory  results  for  a 
great  number  of  purposes  and  under  various  conditions.     Factor- 
ies, warehouses,   shops,   mercantile  buildings,  cfffiee  buildings, 
cold  storage  plants,   freight  houses,   mills,   and  buildings  of 
similar  nature  have  been  built  of  this  type  and  have  given  good 
service  in  most  instances. 

There  have  been  a  number  of  failures  of  this  type  of 
construction,  btit  upon  car»*ful  analysis  of  tb«  underlying  causes, 
they  proved  to  be  (lue  to  faulty  materials  or  methods  used  d\iring 
construction,   or  to  improper  usage  of  building. Material  employed 
was  either  of  poor  quality,   not  adapted  for  that  particular  us^ 
or  was  put  into  building  without  consideration  for  its  proper 
protection. 


SUMi£ARY-(  continued) 

A  timber  beam  or  post,    '^trontj  enough  to  earry  th»i 
deeire'i  lonr»,   If  pi«i(»e*i  in  the  builfilng  In  a  gr»»en  conriltion 
without  proper  raeanff  of  drying  out,  will  within  a  nhort   tirrw, 
rot  away  and  may  cause  failure  of  the  buil'iingi   or  the  etruet- 
ural  Ttie7nbi»r«  themw^lves.,   although  strong  enough,   may  eauae 
failure  of  the  building  due  to  weak  connections.      However, 
failurea  have  orcctirred  in  other  types  of  buildings,  where 
details  were  not  given  sufficient   attention. 

Failwree  have  occurred  in  buildings  dtie  to  conditions 
entirely  indepi-ndent  of  the  construction.     A  well  designed 
building,   if  overloaded,  may  fail,   either  entirely  or  in  part. 

When  partial  failure  occurs,    it  is  nnich  easier  to 
repair  a  mill  constructed  building,   than  one  of  concrete.     This 
also  holds  trun  where  chaxiged  occupancy  requires  alterations 
in  the  building. 

Reinforced  concrete  buildings  are  more  fireproof 

tha»  Kill  constructed  buildings,  but  the  slightly  reduced  fir© 

protection  qualities  of  a  well  built    sprinkled    mill  building 

t 
is  more  than  justified  when  the  comparative  costs  of  the  two 

types  are  considered,  ^  ^.  *^„*«  *.♦ 

The  iniRxrance  rates  on  the  contents  or 

such  buildings  are  aljaost  identical.     The  rate  on  the  building 

itself  is  higjier  for  the  mill  building  than  for  the  concret*, 

but  this  rate  is  so  small  in  either  case,    that  it  will  not 

matprially  alter  the  maintenance  charges. 


SUifHARY-  ( cont  lnu«d ) 

AjmthuT  important  item  to  be  eonsidared  ia  this  con- 
ntrttion,    is  thj»  oueation  of  'i^joDolisliing  the  builriing.   In  our 
rapidly  growing  oities,  with  thf»ir  constant  change  of  th«i 
charact«r  of  th«  industrial  neighborhoods,    it  may  become 
Hec«S!?^ry  to  reiflova  buildingfli  in  ord«r  to  make  room  for  other 
innprovftirjftnts.     In  mich  contingency,    it  ia  much  easier  and 
eheapffr  to  r«move  a  mill  building  than  a  reinforced  concrete 
structure.     Furtheriaore,    in  demolishing  a  mill  building,   ther© 
in  a  certain  amount  of  salvage,   a«   the  framing  and  brick  can  b« 
used  again,   whil-i  a  concrete  building  is  a  total  loss. 

A  great  deal  ha«  be-^n  written  on  the  question  of  cost 
of  different  tiTpes  of  buildings.     Tables  and  charts  have  been 
prepared,   giving  figures  based  either  on  actual  cost  or  upon 
estimates.     These  tables  should  not  be  used  in  estimating  th« 
cost  of  a  building,  unless  allowances  are  nade  for  changed  eoB- 
dltions,   such  as  cost  of  materials  and  labor.     As  a  guide  for 
the  comparison  of  the  cost  of  different  types,   these  tables 
serve  a  useful  purpose.     The  conclu9lonp  drawn  in  these  tables 
are  vastly  different,   depending  upon  the  buildings  selected 
for  comparison.     It  Is  only  natural  that  the  advocates  of 
certain  materials  will  select  eases  which  favor  their  type  of 
construction. 


SJ^fcARY-  ( t?o  nt  inued ) 

W«  hav«  endeavored  in  this  paper  to  d«Rcrib«  the 
mill  constmicted  type  of  building*)  and  ita  application  to 
fliodrtrn  industrial  conditions,     iiill  construction,   while  it 
doc8  not  ranK  sr  the  v^ry  best  typr  obtainable,  under  certain 
conditions  is  the  only  type  to  be  used.     It  has  its  definite 
place  in  the  >niilding  industry  and  if  proper  consideration  is 
given  to  the  changing  conditions,    it  will  not  be  readily 
diftplaoed  by  any  other   type. 


CONTENTS   OF    STORAGE  WAPJ^HOUSES. 


Weights 

per 

Ctible 

MATFRIAL.  Foot 

Of 
space. 
Pounds, 
cnooEniigs.  wires,  liquors,  etc. 

Beans,   in  bag« 40 

Canned  Goods,  in  eases 58 

Coffee,  Roasted,  in  bags 55 

Coffee,  Green,  in  bags 59 

Bates ,  in  cases 55 

Figs ,  In  eases 74 

Flour,  in  barrels 40 

MollasseR,  in  barrels 48 

Fice,  in  bags 58 

Sal  Soda,  in  barrels .,46 

Salt,  in  bags 70 

Soap  Powder,  in  cases 58 

Starch ,  in  barrels 25 

Sugar ,  in  cases 51 

Sugar,  in  barrels..... 45 

Tea,  in  chests 25 

Tines  and  I.iqiiors,  in  barrels 58 

PRY  GOODS,  cotton.  TOOL.  CTC, 

Burlap,  in  bales 45 

Coir  Yarn,  in  bales. 55 

Cotton,  inhales,  compressed 18 

Cotton  Bleached  Goods,  in  cases 28 

Cotton  Flannel,  in  cases 12 

Cotton  Sheeting,  in  cases 25 

cotton  Yarn,  in  cases 25 

ExeelF?lor,  coraprej^pied 19 

Hemp,  Italian,  oomi  ressed. 22 

Hemp,  Manila,. compressed 50 

Jute,  compressed 41 

Linen  Damaslc ,  in  c ases 50 

Linen  Gocds ,  in  cases SO 

Linen  Towels,  in  cases .40 

Sisal,  aompressed 21 

Tow,  compressed 29 

Wool  in  bales,  compressed 48 

Wool  in  bales,  not  compressed 15 

Wool,  Worsteds,  incases 27 


Recom- 

Weights  mended 

per 

Live 

Square 

Loads, 

eigh- 

t  Foot 

Pounds 

of 

Of 

per 

Pile. 

.Floor. 

Square 

Feet, 

►  Pounds. 

Foot. 

8 

520  ] 

8 

548  ] 

8 

264  ] 

8 

512  ^ 

6 

550  ' 

5 

570  ^ 

5 

200  ^ 

5 

240  ] 

1   250 

6 

548  ] 

I    to 

5 

250  ] 

1   SCO 

5 

550  ' 

8 

504  ' 

6 

150  ; 

6 

506  ^ 

5 

215 

8 

200  ' 

6 

228  ' 

6 

258  ^ 

8 

264  ] 

8 

144 

8 

224  ' 

8 

96  ] 

8 

184  ] 

8 

200  ^ 

8 

152 

3 

176 

\        200 

8 

240  ; 

1    to 

8 

528  ] 

1   250 

5 

250  ' 

8 

240  ' 

6 

240  ; 

8 

168  ; 

8 

252 

8 

104  ] 

8 

216  ] 
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OONTgHTS  OP  STORAGE  WAREHOUSES. 


MATERIAL, 


BUILBinG  MATJ?RIALS- 


Weights 

Cubic 
Foot 
of 
Space, 
Ppunds. 


Recoia- 
f eights  mended 


Cement,  Natural.. 
Cement,  Portland. 
Lime  and  Plaster, 


HARDWARB.    TgTC. 

Door  ChecJcs 45 

Hlngejs 54 

LocKs,  in  cases  paeKed 31 

Sash  Fasteners .48 

UitrHni'inUxe3:::::::::::::::::::l^k 

?ire  Caoles,  on  reels 

Wire,  Insulated  Copper,  In  coils 63 

Wire,  Galvanized  Iron,  in  coils 74 

Wire,  I^agnet,  on  spools 75 

DRUGS.  PAINTS.  OILS.  ETC. 

Alum,  Pearl,  in  barrels 35 

Bleaching  Powder,  in  hogsheads 51 

Blue  Vitriol,  in  barrels .45 

Glycerine,  in  cases 52 

Linseed  Oil,  in  iron  druraa 45 

Linseed  Oil,  in  barrels 36 

Logwood  Extract,  in  boxes 70 

Rosin,  in  barrels 48 

Shellac ,    Gum 38 

Soda  Ash,    in  Hogsheads ..62 

soda.   Caustic,   in  iron  drums 88 

Soda,  Silicate,   in  barrels 53 

Sulphuric  Acid 60 

White  Lead  Paste,   in  cans 174 

White  Lead,   dry 86 

Red  Lead  and  Litharge,   dry 132 

MISCELLAKEOUS. 

Glass  in  Chinaware,   in  crates 40 

Hides  and  Leather,   in  bales 20 

Hides ,   Buffalo ,   in  bundles 37 

Paper,  Newspaper  &  Strawboarda 35 

Paper,  Writing  and  Calendered 60 

Rope,   in  coils 52 


per 
Square 
Height  Foot 
of         of 
Pile.  Floor. 
Feet. Pounds. 


,59       6 
,73        6 

,53        5 


8 

4-1/2 
6 


3-1/2 

5 
6 

4 


6 

6 

2-3/4 

3-1/5 

6 

1-2/S 

S-1/2 

4-3/4 

3-S/4 


8 
8 
8 
6 
6 
6 


354 
438 

265 


5S6 

425 
315 
533 

450 


198 
102 
226 
312 
180 
216 
350 
288 
228 
167 
294 
318 
100 
610 
408 
495 


520 
160 
296 
210 
560 
192 


Live 
Loads, 
Pounds 

per 
Square 

Foot. 

500 

to 

400 


500 

to 

400 


200 
to 

500 


500 


-:.rr  ::a;- 


^ 


6 
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PART  TVO. 

This  part  of  our  Thesis  consists  of  the  structural 
design  of  a  six  story  and  basement  mill  eonstructeri  bullfling, 
occupying  a  ground  area  of  160  x  108  feet,  to  be  used  for  ware- 
house purposes,  with  a  loading  of  250  lbs,  per  square  foot  on 
first  two  floors  and  200  lbs.  per  square  foot  on  the  reaiaining 
floors. 

The  building  is  to  be  used  for  fiarniture  warehouse 
purposes,  wherein  the  stoves  and  ranges  will  be  stored  in  the 
baseroent,  the  rugs  and  linoleums  on  the  first  floor,  the  brass 
goods  on  the  second  floor,  and  other  furniture  on  the  remaining 
floors. 

The  various  story  heights  .(floor  to  floor)  will  be: 
Basement  10  feet. 

1st  floor  14  feet. 

2nd  floor) 

) 
Srd  floor) 

) 
4th  floor)  12  feet. 

) 
5th  floor) 

) 
6th  floor) 

SPECIFIC AT lows: 

Complete  specifications  for  structural  parts  of  the 
building,  viz:  foundations,  walls,  lumber,  etc. 

The  Chicago  Building  Ordinance  will  be  followed  in 
the  design  of  the  building, 
LAYOUT  0?  RUILTDING: 

For  layout  of  building,  see  Figure  No.  1. 
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NOTES   -   OIWERAL; 

The  typical  panels  of  a  mill  Uiilding  ghonld  always 
be  of  even  feet  so  as  to  enable  the  use  of  oomraercial  sizes  of 
timber,   which  comes  in  even  foot  lengths, 

Girtlers  should  run  perpendicular  to  the  wall  admitting 
the  maximum  amount  of  li^ht  to  the  building.   This  iB  done  in 
ord*ar  not  to  obstruct  the  light  rays  entering  building,    thus 
allowing  the  top  of  windows  to  be  Inimedlately  below  the  ceiling 
and  still  obtaining  the  full  benefit  of  the  upper  portion  of  the 
window.     This  is  very  important  in  manufacturing  and  office 
buildings  where  a  maximum  of  li^t  la  wanted. 

In  our  case,   the  street  wall  is  the  niaxiiiaim  light  wall 
and  girders  will  run  perpendicular  to  it. 
DESIGH: 

(1)  The  design  of  building  Is  commeiKjed  at  the  roof  and 
gradually  worked  downward  toward  foundations. 

(2)  Lumber  used  will  be  Long  Leaf  Yellow  Pine  throughout, 
allowing  iSOO  lbs,   per  square  inch  as  wording  stress  in  tension 
with  grain,   and  1100  lbs.   per  square  inch  for  conipression  with 
grain,   as  per  Chicago  Building  Ordinance: 


'*.t     .  *>r 
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•ALLOWABLE  STRESSES   ANT   SPECIAL   REQUIREMENTS  POP  TIMBER.) 

The  maximum  allowable  str^asefr  in  pounds  per  square  inch 
on  actual  sections  for  timber  shall  l?e  as  follows: 

Com- 


Bxtreme 

fibre 

stress 

and 

tension 

with 
grain, 
Douglas  Pir  and  Long  Leaf 

Yellow  Pine 1,300 

OaK 1,  200 

Short  Leaf  Yellow  Pine ...1,000 

Norway  Pine ,.     800 

Ifhite  Pine BOO 

HenaocX , 600 

The  unit  stress  on  timber  posts  shall  comply  with  the  forffiula 


press- 

ion 

Com- 

across 

press- 

grain 

ion 

in 

across 

build- 

grain 

Coic- 

ings 

in 

press- 

here- 

exist- 

ion 

after 

ing 

Shear 

with 

erec- 

build- 

with 

grain. 

ted. 

ings. 

grain, 

1,100 

250 

400 

ISO 

900 

500 

600 

200 

800 

250 

SOO 

120 

700 

200 

SCO 

80 

700 

200 

SOO 

80 

500 

150 

300 

60 

0(1 


_  L 

SOD 


) 


In  which  fornwla: 


C  equals  ooiapressive  strength  of  timber  with  the  grain 

as  given  in  the  table, 
L  equals  length  in  inches. 
D   equals  least  diameter  inches. 

The  raaxirmim  length  of  a  timber  post  shall  not  exceed  thirty 
diameters. 

Timber  columns  shall  not  be  used  in  buildings  of  greater 
height  than  twice  the  width  of  the  building  nor  in  buildings 
over  one  hundred  feet  in  height. 

QUALITY  OP  TIMBER. )  Timber  used  for  building  purposes  shall 
be  sound,  well  manufactured,  close  grained,  free  from  wind  shaK-es 
or  from  dead,  loose,  decayed,  encased  or  pitch  knots,  or  knots 
and  other  defects  than  will  materially  impair  its  strength  and 
durability.* 
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DESIGW  (oontlnuefl) 

(S)  The  least  sizes  of  timbers  and  planKce  used  will  be  ae 

given  in  the  following  table: 

Posts 10»  X  10»  or  100  square  inches. 

Beams 6»  %   12»  or  72  sq\»are  inches. 

Roofs 2-5/8»  in  thickness. 

Floors S-1/2"  in  thickness  of  two  layers, 

2-5/8"  and  7/8». 

The  above  siees  are  recommended  by  the  Insurance  com- 
panies and  building  laws  of  various  cities,  as  furnishing  a 
section  of  sufficient  size  to  prevent  the  collapse  of  building 
due  to  burning  out  of  bearing  members,  before  fire  fighting 
apparatus  comes  into  action, 

(4)  In  designing,  the  commercial  sizfs  of  timber  must  be 
reduced  by  l/2»  for  beams  and  s/s*  for  planKs,  i.e.,  6"  x  12" 
must  be  figured  as  5-l/2"  x  11-1/2",  and  5"  plank  must  be  fig- 
ured as  2-5/8",  to  allow  for  dressing, 

DESica^  oy  roof: 

Panel  16  feet  x  18  feet  =  288  square  feet. 

LOAD: 

Tar  and  Gravel  Roofing  =  10  lbs.  p<=>r  square  foot. 

Boards              =  3  •  •    ■     • 

Joists              £  4  •  •    •     • 

Wind  and  Snow         =  25  »  •    ■     " 

Total  on  Joists    =  42  ■  ■    •    " 

Say  45  lbs.  per  square  foot. 
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PrsiCLN  oy  ROOF  ( continued  V 
joists: 

A8«ume  6»  x  1^*  ;}ol8t«.      Span  =  18 '-O", 
Safe  Loai  =  ^^Sl  (See  page  /3~ "    ).  Het  Span  =  17 • -6", 
-   5fM   ^1-^  ^   11>5  X  ISOQ  . 

Spacing  Of  joists  -  — - — —=--  =  7.6  feet. 

45  X  17.5 

Therefore  JotstR  will  be  spaced  at  7*-0»  centers, 

provided  roof  boards  will  gpan  this  safely. 

ROOF  boards: 

S"  boards  will  be  used. 

Load  on  roof  boards  =  40  lbs.  p^r  square  foot. 

Maximum  spAia  for  roof  boards: 

M  «  hfU^  X  12  -  SI 
8  *  ^ 

*   ISQO  xixl2x2|x2|. 
6  ^  8    » 

L  «-  17*4. 

Therefore  upaoinj;;  of  joists  governs  - 

Joists  spaced  7»-0'»  centers, 
OIRDBRg,. 

Loa4  on  ^oist  =  45  lbs.   per  square   foot  (Actual). 
Wtfc   of  gii^der  =  ^     •         "         "  •       (Approx. ) 

fotal  Load     =  50     •  "         ■  " 

*Pot«a  spall  a  16 '-O*. 
Het  Sjpan  in  equal  to  the  clear  span  between  post  caps 

plus  half  the  width  of  post  caps,   which  in  this 

6,as#  is  15'v4». 
Tat?^  load  p<5r  panel  r  50i#  x  18  x  16  =  14,40{^. 
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D£5IC»   OF   ROOF   (oontlnaed) 
GIBPFRS  (continued) 

•^ll^  =    14,400   lbs. 

M^  =  14,400  X  9  X  I.  _  14.400  y  9  x  15. Sg  «  1550. 

f        "       ISOO 
Us©  12 ■  X  12»  Olrder. 

The  above  is  the  customary  method  of  figiiring  the  load 
as  uniformly  distributed  over  girder.  This  is  a  safe  method 
of  figuring,  as  can  readily  be  seen  by  cheeking  up  for  con- 
centrated ^oist  loading. 


pygiGN  0?  floors: 

?-rd,  4th.  5th  anl  6tn  yLOOKS. 
LOADt 

Live  Load  =  200  lbs,  per  square  foot, 

Deai  Load 

Flooring  =  10  lbs. per  prquare  foot. 

Joiata       =  10     •        •»  •  " 

Girdprs     '       5     »       ■  »  • 

Total  Load  =  225  lbB,pnr  square  foot, 
yLOOPlwo: 

In  figuring  flooring,   the  vfearing  eourapa  of  7/8" 
maple  is  not  figured  to  taKe  any  load. 

«.„^«  T««^           12  X   2-5/e   X  2-5/8   X   1300        ^^  ^        , 
Safe  Load    =  ^  ^  ^^       ' ■  210jr  x  L. 

joists: 

span  =  la'-O*.     Set  spaa  =  l7«-o». 

Load  =  220  Iba,  per  square  foot. 

Assume  6"  X  18*  Joists.  • 

Saf«  Load  =  bd%  sr  5.5  X  TST^^x  1500  =   n,240  lbs. 
8L        9  X  17 

siaacing  =  ^^^Q,   «  s.O  feet. 
22a  X  17 

AasuiBe  8»  x  14*  Joists. 

safe  Load  '^  Mg£  ,  7>5  x  15.5  x  15.5  x  1500  ^  i-^^epQ^ 
9L  9  X  17 

Spacing  =  ^^^^Q   =  S.IO  feet. 
220  X  17 

6»  X  16»  or  8»  X  14»  joists  can  be  used,  but  since 

I    8»  X  14»  foists  will  increase  the  headroom  by  two  inches, 

'     arbl  can  be  spaced  one  inch  further  apart,  we  will  use 

__   8»  X  14"  ioists  -  5'-0»  centers. 
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J>FSICT   0?  yLOORS:    (continued) 

GIRDFRg: 

Total  Span  =  16«-0",  Net  Span  =  l4'-8». 

(16»-0»-10«»for  column  -6*  for  i.  cap. ) 

2 

load: 

Dead  Load  =  25  Ibe.    (See  sheiet  4//3  ) 

Live  Load  =370  lb8.=  85<^  of  full  live  load  as 

allowed  by  City  Ordinance. 
Total  Load  =195  lbs. 

Total  Load  per  panel  =  195i^  X  18  x  16  »  56,100^, 

M*  =  561QQ  X  9  X  14.66  ^   5590. 

ISOO 
ABsajae  two  10"  x  IS",  bd^-  2  x  9.5  x  17.5  x  17.5^  5S18. 

08©  two  10*  x  18 »  beams  bolted  together  with  2/4"  bolts 
and  having  7/8"  Maple  strips  as  separators.  The  reason  two 
10»  beams  are  used  instead  of  a  single  timber  20*  wide,  is 
because  it  is  very  difficult  and  far  more  expensive  to  get 
the  large  siae  beam  and  also  harder  to  handle  in  the  field. 
Ist  and  2nd  FLOORS: 

load; 
Live  Load    =250  lbs.  pep  square  foot. 

Dead  Load: 

Flooring  =  10  "  •  ■  ■ 

Joists  =  12  •  •  ■  " 

Girders  =  6_  •  »  •  • 

Total  Load  =  278  »  ■  ••  ■ 

BLOORIHO: 

Safe  =   12  X  2-5/8  x  g-s/s  x  1500  .   -^^  , 
Load  9  X  L 

L  ss  6'-9»  =  Maxianim  spa*»  of  S"  board. 
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DESIGN  0?  yLOORS:  (continued) 

l8t  ani  2ni  ?LOORS  ( continued ) 
joists: 

Assume  spacing  of  S'-O".  span  =  17»-0". 
Load  on  Joiet  r  5  x  17  x  272  =  15,880  lbs. 

15,880  =  t>d^  3C  1?00 
9  X  17 

bd^  -  1635. 

Assume  8*  Joist,   d^  =  1§5J1  =  218.     d  =  14.75. 

7.5 

Use  8*  X  16"  Joists. 

Maxitaim  spacing  of  8»  x  16*  ;jolst8, 

=  7.5  X  15.5  X  15.5  X  1500  -  «  «  f pp* 
9  X  17  X  It  X  2^2  -  ^-^  ^®®*- 

8»  X  16*  joists  at  5'-S»  centers  can  be  used. 
ALTFRNATK  DESIGK: 

Since  8*  X  16"  Joists  spaced  5 '-5*  centers,  reduce 
the  headroom  of  floors,  or  will  require  extra  wall  height. 
It  will  be  better  to  use  laminated  floors.  This  will  also 
improve  the  appearance  of  the  ceilings. 
LAMlNATICaJS: 

Assume  8*  Laraination  either  2*  or  5*  wide,  laid  over 
girders  and  spiked  together  to  form  a  slab.  Laminated  floor- 
ing will  be  designed  as  a  beam  12"  wide  and  8*  deep. 
LOAD: 

Live  Load  =  250  lbs,  per  square  foot. 

Bead  Load  = 25  •    •     •     • 

Total  Load  =  275  lbs.  per  square  foot, 
Ket  span  =  17 '-o*. 
Load  per  foot  =  275  x  17  =  4675  lbs. 


DEglGK   OF  floors: (oont Inued) 

Iqt  and  2nd  FLOORS   fnontlnued) 
LAiitlNATIQSS 

Safe  Load  for  8»  Lamination  rl2x7,5x7.5xi;0O^  574ft#. 

9x17 

■  •        •      6»  •  -12x5.5x5.5x1300.  -QgQ^ 

9x17 

Therefore  8*  Laminations  will  be  used. 

GIP.D8RS: 

Dead  Load  -  30  lbs.  per  square  foot, 

(Lamination  ani  Girder) 
Live  Load-8f5^  x  250  =  212  Iba.  per  square  foot. 

Total  Load         =  242  lbs.  per  square  foot. 

Span  =  IS'-O".  Net  Span  =  14'-B''  (see  page  //,     ). 

Totil  Load  per  panel  =  18  x  16  x  242  -  69,700  lbs, 

M^  -  69700  X  9  X  14.66  _  ^  qqq 
ISOO        "^   * 

Assume  two  12 •  x  18*. 

bd2  =  2  X  11.5  X  17.5  x  17.5  =  7,040. 

safe  Load  =  M!^  =  7040  x  1500  -   69,400. 

9L      9  X  14.66 
Therefore  sinee  load  carried  is  but  slightly 

heavier  than  the  safe  load  figured  we  will  use  the  above 

beaios  -  two  12"  x  18 •  Long  Leaf  Yellow  Pine. 


T  ^Ac 


DESIGN  0?  GIRDER  OVER  PRIVEWAY; 

Span  =  S2'-0". 

Load  per  foot  =  27600  -  (15604-2940+3100) 
=  SOOOO  lb«. 

U   =  ^L^   «  4  3t  20000  X  52  I  52  X  12  =  50,720,000. 
o       o 

i  -    tf    -   50720000   _ 

(3  ~   16000  "    16000     "  *^2" 

Reaction  =  20000  x  16  =  520,000  lbs. 

From  Oarnegie  Hand  BooK  ~ 
Use  Box  Girders 

(Web  48»  X  7/l8". 

2  (flange   Angles  S^xe^xl/S". 
(Flange  Plstp^  14"  x  z/4*. 

For  Column  use 

4  Angles  6»x4»x5/8». 
1  Web   12"'  X  1/2*. 


i  =  1946. 


wOLOMN    Vt^lGr-N 


Ma'-oCe. 
LoAt? 


'c^ZofoCrioH 

OF 

LOAj7 


L.L.     25* 


f.L.        25* 

LL.    2oo» 


r.L.  zs* 
L.L.  200* 
5 '"  fuxiC 


FuLuP.L. 
"      L.L. 


ryLL(7.L. 
55%  L.L. 


(7.L.       Z5« 
L.L.    200^ 


foi-LP.L. 
Z0%  L.L. 


FullRL 
75%.  L.L. 


^.l.  25* 

L.L.  2oo« 

TIT  35^ 

L.L.  250" 


r.L         30*^ 
LL.      250* 

|5T  fLooe 


fULLF.L. 

10%  L.L. 


fOLL    FL. 

*5%  L.L. 


fULL    V.L 


Go%  L.L. 


FaNE-L.  LoAf^.3 


25  X2.8S 
Z.5  X.  Z88 


Z5x  ZLSB 
I70X  283 


25  X  238 
ISO  X  286 


25  X  2B6 
(50  Xi8S 


25  A  ^8© 
I40  X  288 


3ox  28S 
iio2.5x  zas 


3o  X  2S6 
I50a  288 


7  2.00 
7200 


14400 

7  200 

43  000 


Column    ^ec^iom  .    !!'i?f^HT3 

'o"x  10"    L.L.Y.f. 

Minimum   aluowec    &v  ^.,„.      ^  >j' 


70(S00 

7  ZOO 

4o)00 


I  2 3900 

7  Zoo 

43200 


I  T4  30O 

7Z.OO 

403oo 


ZZISoo 

8<2>4-o 

4(2>8oo 


277240 

8  640 

4  3ZOO 


32.5080 


ic>"  X   10'     L.  L.  y.  P. 


i5^»=Looe, 


IZ  X   12.       L.U.Y,  f!     11  V^ 


M(- 


14"  X   14-"     L.L.r.r 


)&'■  >:  I©"    L.L.  y.  f. 


4—! H^.. 

41 '■ M-    ' 


lS"x   (8"    L.L.  Y.  P. 


is"  X    2o"     L.L.  X.P 


lire, 


LOOg    3: 


9 

o 


Fasememt  — 


yME    Ag'OVE.     COLUMN      StOJION^S      WE.(2.E.    O^'TAINE-I?     FE^OM 
|OOTHeE-M     PiME.   MaWOAI-.      ^O      GKE.CtC-  vye.   W|  l_u     7E.5;&m     THE 
>LC.MM5      FOC    THE     yHie.C7      ['looC    ANf?    THf.      ^A5E,ME,Mj    . 

"til  1^17  ["loo^  (Lolomn5  — 

ASSOME    -  14 "x  l4"GOLUMM  . 
WIWSLOW    fOEMULA  -    |_  --  (L  ^1  -  g^^.  A 

•A=  341.25-  -Assume     1?x  Zo"  Golomn  .• 


CHICAGO  BUILDING  ORDINANQg  REQUIREMBNTS  for  the  design  of  walla, 
piorH  an1  eolumnf?. 
'WALLS.  PIERS  AND  COLUifflS  -  DEAD  AND  LlVg  LOADS.) 

(a)  The  full  live  loads  on  roofs  of  all  building**  shall  be 
taKen  on  walls,  piers  ani  coluiiins. 

(b)  The  walls,  piers  and  ftora.mn3  of  all  buildings  shall  be 
designed  to  carry  the  full  dead  loads  and  not  less  than  the 
proportion  of  the  live  load  given  in  the  following  table: 

Floor 17  16  15  14  IS  12  11  10   9  8   7   6   5   4   S   2   1 

17 85  per  cent. 

16 80  85 

15 75  80  85 

14 70  75  80  85 

IS 65  70  75  80  85 

12 60  65  70  75  80  85 

11 55  60  65  70  75  80  85 

10 50  55  60  65  70  75  80  85 

9 50  50  55  60  65  70  75  80  85 

8 50  50  50  55  60  65  70  75  80  85 

7 50  50  50  50  55  60  65  70  75  80  85 

6 50  50  50  50  50  55  60  65  70  75  80  85 

5 50  50  50  50  50  50  55  60  65  70  75  80  85 

4 50  50  50  50  50  50  50  55  60  65  70  75  80  85 

S 50  50  50  50  50  50  50  ^0  55  60  65  70  75  80  85 

2 50  50  50  50  50  50  50  50  50  55  60  65  70  75  80  85 

1 50  50  50  50  50  50  50  50  50  50  55  60  65  70  75  80  85 

(e)  The  proportion  of  the  live  load  on  walls,  piers  and  col- 
umns on  buildings  laore  than  seventeen  stories  in  height  shall 
be  taKen  in  saroo  ratio  as  the  above  table. 

(d)  The  entire  dead  load  and  the  pf^eentage  of  live  load  on 
baseaenjt  columns ,  piers  and  walls  shall  be  tafcen  in  determining 
the  sta*ess  in  foundations." 

'THICKNESS  Oy  WALLS  AND  OOLUMNS-OONSTRUCTION-WIDTH-HEIGHT.  ) 

(a)  BricK,  stone  and  solid  concrete  walla,  except  as  otherwise 
provided,  shall  be  of  the  thickness  in  inches  indicated  in  the 
following  table: 

Base- S  tor  ies 

^"^•1   2  S   4   5   6  7   8   9  10  11  12 

One-story 12  12 

Two-story 16  12  12 

Three-story 16  16  12  12 

Pour-story 20  20  16  16  12 

yive-story 24  20  20  16  16  16 

Six-story 24  20  20  20  16  16  16 

(Table  continued  on  next  page. ) 
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CHICAGO  BUILDING  ORDINAMCE  REQUIREMKNTS    (continued) 


Slnt* Storlefl 

flieni.    12      54      5      67      89   Id   11   12 

Seven-story 24  20  20  20  20  16  16  16 

FiPTTit-story 34  24  24  20  20  20  16  16  16 

Nine-story 28  24  24  24  «0  20  20  16  16  16 

Ten-story 28  28  28  24  24  24  20  20  20  16  16 

Eleven-atory 28  23  28  24  24  24  20  20  20  16  16  16 

Twelve-story 52  28  28  28  24  24  24  20  20  20  16  16  16 

walls: 

Of  the  two  methods  of  wall  design,  namely  that  of  piers 

and  curtain  walls,  and  straight  bearing  walls,  the  former  will 

be  used  as  It  is  found  by  experience  to  be  the  cheaper  of  the 

two.  (See  PABT  I,  Page J^^'^'    ) . 

For  straight  bearing  walls,  •CHICAGO  CITY  ORDINANCE" 

thicKnesses  govern,  which  are  as  follows: 

Basement,. ..... .2'-l'') 

lat  Floor I'-S") 

2nd   •  1  •  -9» )  These  wall  thicKnesses 

3rd   •  l»-9»)    will  be  used  for 

4th       "     l'-5*)         north  and  aouth  walls 

5th       •     l'-S»)         of  our  building. 

6th        ■      ...*^.l*-5») 

DiiSIg?  0?  piers:        East  and  West  Wails. 

For  layout  of  building  see  Drawing  Mo  /   . 

NOTE:  Ordinance  allows  us  to  use  oomaion  bricK,  laid 
up  with  Portland  cement  mortar  with  a  bearing  of  175  lbs. 
per  square  inch,  or  the  same  brici-  laid  up  with  cement 
terspered  lime  mortar  at  125  lbs.  per  square  inch.  We  will 
give  two  designs  illustrating  both  r^thods,  and  select  the 
best  design  for  our  use. 
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WIN news: 

Use  windovrs  Ig'-O"  wide  by  7«-6'»  high  for  6th.  5th, 
4th  and  Srd  Floors.  For  Second  Floor  use  window  8 '-6"  high  and 
Tor  First  Floor,  lO'-O"  high. 

TDESICTI  OF  stairs: 

TOTAL  WIT)TH  REQUIFED: 

Met  ar«»a  of  biiilding  equals  16,000  square  feet  (about). 

Nwnflber  of  stairway*?  required  for  this  type  of  building 
is  three  stairways  and  two  24"  fire  escapes.  However,  by 
increasing  one  of  the  fire  escapes  to  S»-0*  and  building 
it  in  accordance  with  all  other  requirements  for  such  st4±r- 
way  fire  escapes,  we  are  allowed  to  oiait  one  of  the  interior 
stairways  and  figure  such  stairway  fire  escape  as  equivalent 
to  interior  stairway  and  fire  escape.  However,  combined 
width  of  interior  and  exterior  stairways  must  etjual  that 
required  by  ordinance. 

WIDTH  RIQUIRED  Z  72  inches  plus  ^^'^^^  ~  ^^^^^^ 

=  72  ^  ^g^gg^^  ^  =  176  inches. 
Deduct  width  of  stairway  fire  escape  36   " 
Width  required  for  interior  stairways  140  inches. 
Will  use  two  6'-0"  stairways  inclosed  in  brick  walla,  having 
all  oppninp's  protected  by  automatic  fire  doors  as  required 
by  ordinance. 

Use  8»  Risers  10"  Treads. 

DESIGN  BEAM  "A" 

Load  =  9«-4"   X   125  X  13  =   15,160  lb?<.    Use   l2"xl2"Bea 
Pop  layout  of  stairway  see  Figure  No.    Z' . 
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TANK  TOWER   FRAMIHQ. 

Size  of  Tank: 

18 '-o*  Diameter.  For  TanR  Tower  franiing 

18 '-0»  H*»iprht. 

Capacity  SO, 000  Gallons.  see  Figures  Mo  ^ ^^4-  . 

Welftit  16,400   lbs. 

BgSICm    OF   TANK  BEAMS; 

Weight  of  water  =  50,000  x  8.SS  Z  250,000   Ibf?. 

Weight  of  tank  z.     16.400  lb». 

Total  Weight  Z  266,400   lbs. 

S66400 

Load  per  square  foot  =     „c     ^  "*  ^^^^  1^«-   P^^r  sq.   ft, 

254.  5 

Space  beams  2'-0"  centers, 

R  =  1050  X  9.0  =  9450  lbs. 

M  =  (9450  X  7  -  1050  x  9. 0  X  %^)2  X  12  =  591,000. 

i  .  591.000  _   _„ 
C    16,000  "    • 

Use  12*  I  beaias  weighing  SX.  5  lbs.  per  foot. 

TANK  TOWFR  WALLS:  (See  Figure  No  J^      ). 

Load  on  one  wall  =  ^^l'^^'^  =  133,200  lbs. 

Load  per  foot  of  wall  =  ^--^g^SOO  =  7000  lbs. 

Load  at  6th  Floor: 

Tank  =  7000  lbs. 

Wall  =  130  X  37  =  4810  • 
Stair  Load  =  125  x  6*5  =  810  • 
Total  =  12620  lbs. 

Load  per  square  inch  =  ^f^f^  =  81  lbs.  Which  1b  OK. 

Load  at  Sri  Floor: 

From  above  =  12620  lbs. 

Wall  =  170  X  36  s  6120  • 
Stair  load  =  3x125x6.5  =  2430  ■ 

Total  =  21170  lbs. 

Load  per  square  inch  =  ^^^  ~   •^°'*  ■*^^'- 
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TMK  TOWER  WALLS  (oontinuerl) 

Load  at  1st  Floor: 

From  above            -  21170  IbB, 

Wall  =  210  X  26         =  5460   " 

Stair  Load  =  2xl25x   6.5  ■  1620  • 

Total                 =  28250  lbs. 

Load  veT   square  inch  =  ^^^^^  =  112  IbB. 

21x12 

Load  at  Basement: 

Frora  above  =  28250  lbs. 

Wall  *  250  X  10         =   2500   • 

Stair  Load  =  6.5  x  125  =   aio  • 
Total  =  21560  Iba. 

Load  vfiT   Rcmare  Inch  =  ^^^^^  =  105  lbs, 

25x12 

Use  walls  as  indicated. 

NOTK:       Where  floor  girder  framefl  into  tower  wall, 
build  pier  at  corner  to  receive  fmch  girder  ani  maXe 
8"  projection  in  both  i=?idea  of  corner. 

NOTE:        For  all  other  shaft  walla  use  walls  of  ordin- 
anoe  thickness. 

TYPIOAL   COLUiiff    FOUNDATIONS: 

The  building  will  be  located  on  average  Chicago  soil, 
which  is  dirt  fill  for  about  four  feet,  then  yellow  clay,  grad- 
ually ohan.p;ing  to  blue  clay  with  gravel. 

The  basement  of  this  building  is  about  7»-0»  below 
grade,   and  bottom  of  footings  will  corae  about  S'-e*  below  base- 
inent  floor  line.     Therefore  we  ■^an  ex;  ect  to  find  at  this  elev- 
ation a  mixed  blue  and  yellow  clay  strata,  which  will  have  a 
bearing  capacity  of  about  5500  lbs.   per  square  foot,   according 
to  Chicago  ordinance: 
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TYPICAT^  nOUjm  yOl3NT)ATIONS   (continued) 

■ALIiQWARLy   STRJ^SSES   ANIO   SPF^IAL   FKQUIPEMEKTS   TOP.   yOUNDATIONS- 
BEARING   py    VARIOUS    SOILS.  ) 

(a)  If  the  soil  is  a  layer  of  ptire  clay  at  least  fifteen 
feet  thicK,   without  admixture  of  any  foreign  substance 
other  than  gravel,    it  shall  not  be  loaded  to  exceed  3,500 
pounds  per  square  foot.    If  the  soil  is  a  lay^^r  of  pure  clay 
at  least  fifteen  feet  thlcK  and  is  dry  and  thoroughly  ooish- 
presaed,    it  nsay  be  loaded  not  to  exceed  4,500  pounds  per 
square  foot. 

(b)  If  the  soil  is  a  layer  of  firm  sand  fifteen  feet  or 
juore  in  thickness,   and  without  admixture  of  clay,    loam  or 
other  foreign  substance,   it  shall  not  be  loaded  to  exceed 
f>,000  pounds  per  sqtiare  foot. 

(e)   If  the  soil  is  a  mixture  of  clay  arri  sand,   it  shall 
not  be  loaded  to  exceed  S,000  pounds  per  square  foot." 

Load  on  basement  columns  =  529,000  lbs. 

Area  of  base  reauired  =  ^^^^^^  =  322.5  square  inches. 

400 

Make  base  ;0»  x  30*  at  bottom. 

Top  of  base  same  size  as  column.    (See  Figure  No.     ^       ) 
FOOTINGS. 

Colucrr  Load  on  Footing       =  «29,000  lbs. 

Approx.    Weight  of  Footing       SO. 000      » 

total  Lo«(d  =   3?>9,000   lbs. 

Area  of  Footing  required  =  ^HqI^^  -  ^^^.e  square  feet. 

MaXe  Footing,    10»-5"  x  10'-3",   Area*  105.0  square  feet. 
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TYPICAL    dOLVI^V    FOOTfkX:^. 
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TYPig/L  <;QLUiiH  FQUNDATIOMS  (continued) 
DESIGN  OF  FOOTING: 

Area  of  baRe  =  2.5  x  2.5  =  6.25  sq.  ft.,  say  6  sq.  ft. 
Net  area  of  footing  =  105  -  6  =  99  square  feet. 

•X"  =  'liatnnce  Of  center  of  gravity  of  •ABCD"  from  "BC» 

(See  Figure  So.  /^^       ). 
*X"  =  ^^h^'   =  2.5  X  -^i|I^  -f  I  X  5.87  X  S.87 

a  -h  o  2,5  -+-3.87  ^  ^''^  " 

Total  Moment  around  column  perimeter  = 

99  X  S500  X  2. S3  X  12  =  9,702,000  inch  Iba. 

«e  =  ¥^^^f,'    d2=  "^Q^QQQ  ^  ^  =  746.  d  =  27.5  inches. 
^    "      30  X  4  X  650 

Use  d  =  3?  inches.   D  =  36  inches. 

U  =  idf  A    k-    9702000  X  8     -  tr  e  «„„„^^  ^  „«>,»« 

Amount  of  ''tppl  required  in  each  band  =  -~^-  2.33  sq.  in 

o 

Use  five  s/4  inch  square  bars  in  each  band. 
SHEAR. 

Point  at  which  to  calculate  shear  is  33  inches  from  BC. 

d«  =  33  -  k  s  33  -  ^^^![  f^  =  16  inches. 

46.  5 

Total  Shear  V  =  J-Q9.5  x  13.5  x  3500  ^  35^900  lbs. 

144 

T  =  Unit  <mear  = ^^^^° .  =  27  lbs.   per  sq.   inch. 

96   X   .875   X   18 

No  stir"^ups  required. 

PUNOHIHG  5HKAR. 

P  = 99  X  3500      3   j^QQ  j^g^    p^y  gouape  inch. 

4  X  30  X  .875  X  33 

Chicago  Building  Ordinance  allows  a  punching  shear 
of  120  lbs.  per  square  inch. 
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TYPIOAT.  <!OIiUia^  FOUNDATIONS  (continued) 

DESIGN  QTH  yoOTlHG  (contlnueri) 

PIER  yOOTINGS: 

Load  on  Hler  s  S50000  lbs. 

(See  Page 
Approximate  wpt^ht  of  Footing  «  52000  * 

No. /r/--  ). 
Total  =  582000  lbs. 

Area  of  Footing  required  =  ^|^°^^  =  109  square  f^et. 

Use  Footing  S'-g"  x   iS'-e".   Area  =  109  square  feet. 

=  1.6. 


=  1.65. 

=15,81. 

S29.25. 
'        2 

Taxing  nwra^ntP  for  each  cantilever  paction  of  footing, 

we     will  get  - 

lix  =  15.8  X  5500  X   1. 6  x   12  =   1,061,700  inch  lbs. 

ky  =  29.25x5500x1.65x12  «   2,027,000   inch   lbs. 

A  -     ^/l. 061.700  X  6     _   17   inches 

A   -     4/2.027,000    X    6      -    ,p;    inr.v,pc 
^y-     ]650x;t   X    12)  ^^    ^J^^'^^^- 

Tn  order  not  to  have  exceasive  shear  ani   to  reduce  the 
amowit  of  reinforcing  steel  we  will  use  a  depper  foot- 
ing than  the  above. 

Use     d  r  27   inches.        D  =  2'-6». 
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TYPICAL     PfEe.    tOOTIKJG: 


P:Xr?.£'K0  7 


TYPIOAL  COLUifla    FOUNDATIOMS    (continued) 
PIKR  yoOTINGS   (continued) 
LONGITUDINAL   SEfyriON: 

A     -   1.061.700   X   8     _    «   c  *      V. 

*8  -  -"* -*■ r— — T  -2.5  square   inches. 

7  X  27  X  18000 

Use  ficv«n  5/8"  square  twisted  bars, 

V  =  96  »  g  »  S5QQ  =  14000  lbs. 
144 

▼  =  —  "  =  15  lbs.  per  square  inch, 

87   X   .875   X   12,25 

PUKgHING   SHFAB: 

^  -  ^^«Q^  X  g500  ^^.  -  rf-^  2b8.    per  square   inch. 
J?7   X  3S  X  .875 


CROSSVISE   SFCTION: 

A_  =  2^027,000  X  8  .4^3  g^uai-e  inches. 

7  X  27  X  18000 
Use  fourteen  s/s"  sqiiare  twisted  bars, 

V  =  144  X  9  X  3500   =  ,^5^0  ^^^^ 

144 

V  ~  Y^^9^ _».„  =  ly.5  lbs.   per  square  inch. 

1S8  X  ,875  X  13,5 

PIMOKING    shear; 

p  =   89.25   X   5500 -   53   ^^^^ 

27    I   84    X    .875 


<•  f 


'OOTTNG<!  yOB DHTYWAY  COLUMNS. 

Reaction  from  Girdf»rQ     =  320000  lbs, 

"Weight  of  column        =  2000  » 

Weight  of  footing       =:  25000  ■ 

Total  load           s  547000  lbs. 


.  Area  of  footing  required  =  S47QQ0  _.  ^qq   square  feet. 

S500 

kaKe  footing  10  feet  by  10  feet. 


Base  plate  of  Golunm:  =  ^f^^^^P  =  805  square  inches. 

400 

MaKe  plate  g'S"  x  2«6»  x  1". 


Area    "ABCD^  •   (2.5  -h  lOXi  x  S.75  =   2S.5, 

2 

W  =   2S,5   X   3500  =   8SO0O, 


x^hllx   (g;5H-f.U     2.25. 
5  (12.5) 

U  «  8S000  X  2,25  X  12  =  2240000  inch  lbs. 


d  =:Y^2|0020_|^  =  26. s.   use  d  =  30".    D  =  S3*. 

A  = 2240000  X  8 ^  4^73  nq,  in.  Use  twenty  3/4»  bars. 

7  X  18000  I  20 


PITCHING  SHBAB. 

Punching  shear  =     Q^OOO    :;:  92  IbB,   ^ieh  is  "O.K.- 

SO  X  30 

Since  punching  shear  in  O.K.,  vertical  shear  will  be  O.K. 
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JilE  NO.iZ 

WALL  yOOTINGS: 

NORTH  WALL  ~  FACING   ALL^'Y- 

Joists  and  lamination  rnnt   on  wall, 
FLOOR  loads: 


Roof 

load 

= 

50 

X 

8.5 

= 

425 

lbS3. 

6th  Floor 

load 

:: 

195 

X 

8.5 

s 

1660 

• 

5  th 

M 

m 

~ 

185 

X 

8.5 

r: 

1570 

• 

4  th 

■ 

9 

=: 

175 

X 

8.5 

s 

1490 

II 

7.T(i 

n 

n 

z 

165 

X 

8.5 

s 

1400 

« 

2nd 

« 

» 

ss 

192.5 

X 

8.5 

s 

16?  5 

n 

l8t 

« 

« 

z 

180 

X 

8.5 

S 

1560 

N 

Total 

^'V4(r 

'lbs. 

9740 

lb8. 

WALL  LOADS 

• 
• 

Roof 

= 

130 

X 

5 

= 

650 

lbs. 

6th  ? 

loor 

^^ 

170 

X 

12 

^ 

2040 

V 

5  th 

^^ 

170 

X 

12 

— 

2040 

» 

4th 

^ 

170 

X 

12 

r 

2040 

tt 

Srd 

zz 

210 

X 

12 

:z 

2520 

M 

2nd 

n 

210 

X 

12 

- 

2520 

It 

l9t 

z 

210 

X 

14 

= 

2940 

M 

Basement 

zz 

•10 

X 

10 

= 

7100 

Toti 

al 
Load 

per 

foot 

of  wall 

17850 

lb8_ 

17850 
27590 

lbs. 

Total 

IbB. 

Weight  of 

footing  (Approad-raately) 

2010 

tt 

Total  29600  lbs. 

Width  of  footing  required  =  -^H^J  =  8,45  feet. 
Use  footing  8* -6"  wide        (See  Figure  No. 
M  =  A  X  3^500  X  ?,20  X  ?.20  x  0-2  =  215,000   inch   lbs. 


3        ). 


"  ye? 


'215000  X  6  _  IP  Q 
650  X  12  -  ^^"^' 


MaKe  d  «  21  in<.?he«». 


D  =  24  inches. 


A  =   215000  X  8    _  .65  i 

7  X  18000  X  2l"  ' 
Use  3/4  inch  square  bars  at  10  inch  centers. 

Use  four  1/2  inch  bars  longitudinally,  spaced  about 
2»-0"  centers. 

SHEAR. 

V  =  S500  X  1.45  =  5100.   V  =1^x1^175x14.5  ~  '^'^ 
PUNCHIHQ  SHEAR.    S50Q  X  3.  2 


21  X  .875  X  12 


=   51  lbs. 
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WALL  POOTIW&. 


Kr-UfiE  NC.  10. 


TANK   TOWFR  WALL   FOOTINGS. 

pysiOi   or  WALLS  carrying  steel  beams  under  tank. 

(See 
Load  on  footing  per  lineal  foot  of  wall  =  31560  lb8(pagr 

Weight  of  fooiting  (Approximately)  =     ^3500     •     ^^^ 

Total   Loart  =  S4060  lbs. 

wirith  of  Footing  reouireri  *  11£60  -  9i_9it, 

?500 

Make  Footing     G'-g*  Kficle.      (see  Figure  No.     ^       ). 

i£  =  1  X   5500  X   (3'10»)2  X  12  =  510000   inch   lbs. 
2 

.  _^/glQQQQ  Fe*    _   _   ^^ 
^  -7    12   X    650        -   15.4". 

IteKe     d  =  J?l  inchea.  I^  24  Inehee. 

A  -  510000  X  8    _   9^» 
7  X  18000  X  21  ~  *^   * 

Use  5/4"  nquare  twisted  bars,  7  inch  centers. 
YgRTiqAL  SHEAR. 

V  =  3500  X  2.08    =  7280  lbs. 

V  =  ZM2 =   44.5  IbB. 

12  X  .875  X  15.5 

Since  allowable  unit  shear  of  40  lbs.    is  exceeded  by 
4.5  lbs.,   we  v?ill  increase  depth  of  footing  by  two 
inches,  which  undoubtedly  will  take  care  of  this  ex- 
cessive shear. 
PlINCHIKG   ?;HEAR. 

P  =  S5QQ  ^  -«^ r  56  lbs. 

23   X   .875  X   12 


♦  r>^ 
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WALL  yOOTINGS: 

SOUTH  WALL   - 


This  being  a  lot  line  wall,  cantilever  footing  vill 

havf?  to  be  used. 

Load  =  29000  Iba.  per  foot  of  wall. 

Width  of  footing  required  =  8'-4»,  (See  Figure  No.  /^     ) 


UOi«T?JT: 


M   =  3500  X   (SM"  -   g*!")*^  X   12  X  4  =   820000   inch   lbs. 

d  -1^20000   X   61  =^/67o-=   25   2» 
If    12  X  650  V^ 

MaKe       d  =  S'-S",        D  =  S»-6». 

820000   X   8  ,  .      . 

A  =  7  X  18000  X  g9  ~  square  inches. 

Use  1*  square  twisted  bars,   9"  centers. 

SHFAR: 

V  =  3500  X  (8* 4''  -2»1")  =  21875  lb«. 

V  -      21875        ^   ,^ 

1?  X  ?9  X  .875 

Since  allowable  unit  shear  is  40  lbs.,    Rtlrpups 
mist  be  provided  to  taKe  care  of  the  shear. 
It  i«  not  good  practice  to  have  large  footings  of  tine 
cantilever  type  without  soine  nieans  of  tying  Buch  foot- 
ing??  to  the  buildings.      Therefore,   we  will  place  co)>- 
orf^te  beam«i  between  the  wall  footings  and  the  first 
row  of  coluiEn  footings.      The  beams  will  be   designed 
for  eccentric   load»   and  the  footing  between  the  beams 
as  an  or'^inary  slab.        (See  Figure  No.    //  ). 
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WALL  rOQTINGS:    (oontlnup-^ ) 

SOirTH  WALL  -   ( continued 

slab: 

Load  =  3R00  lbs.  por  lineal  foot  of  footing. 

Span  »  16'-0",  center  to  conter  of  columns. 

Met  Span  =  16'-0»  alnus  6«-6"  =  S'-G".  (See  Page  lA-Q    ). 

«  =  l/s  X  S500  X  9.5  X  B. 5  X  12  =  475,000  inoh  lbs. 


^  =Yl2  X  656   =  ^^  inches. 
Vne       A   =  SS".     (See  Shear). 

1     475000  X  8     _ 

*S  ■7  X  18000  X  39  -    •''' 

Use  ?/4''  Bouare  bars  at  8*  centers. 
SHEAR: 

At  beam  =  S500  x  4.75  =  16,650  lbs. 

-      16650 ^,  -^ 

V  -— =  41  lbs. 

39  X  12  X  .87 

Therefore  no  shear  reinforceisent  will  be  necessary, 
BBAM:  (See  Plf^re  Ho.     //        ). 

P  =  gy000#  X  16  =  464,000  lbs. 

K  =  464000  -  (16  X  1  X  3500)  =  408,000  IbS, 

K,=  408000  X  15^53  -  522  000  lbs. 
^  17 

»*  408000  -  322000  «  86,000  lbs. 

8 

As<^ume  Beam  =  3'-6»  deep. 

U  =  S22000j^  X  44  «  14,168,000   inch  lbs. 
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TALL  FOOTINGS  (continued) 

SOTJTH  WAT.I.    (oontinuffd) 

^IPTH  oy  Tiy^M  PFqiTTRRm 
b  =  iil«8000^6  -   „«   .      . 

Make  b«am  5»-6»  deep  and  S'-e*  wide. 
Area  of  beam  =  78  z  42  =  3276  square  inches,   which 
will  develop  at  least  H  of  steel  reinforcing. 

Ag  =  22.5  eq.in.    x     9i||  =  16.3  square  Inches. 

A3  =  22.5  eq.in.   x  --5ilE  =     8.65  square  inches. 

13.33 

Use  steel 

Nine  1  inch  square  twisted  bars,   27 '-o*  long, 

bent  up  into  wall  and  through  column  footing. 
Hine  1  inch  square  twisted  bars,   18»-o*  long, 

bent  up  into  wall. 
Six  1  inch  square  twisted  bars,   14  feet  lon^ 

bent  up  into  wall. 

SHEAR: 

86000 


40   X   78   X   .87 


=   32   lbs. 


gLgVATQB  WALL  FQOTIHQS. 
SQLTH  WALL. 


Roof  =  45   X   d'S"  -I-   S'S") 

Floors  =  195   ) 
185   ) 

175   )  X  1«6» 
165   ) 
19S,5) 
180   ) 

Wall    ■  130  X  40 

•  ••  170  X  S8 

•  «  210  X  10 

Total  Load  (poof,   floori?  and  walls) 

Weight  of  Footing 

Total  Load  (including  footings) 


=   320  lbs. 


=  1640   • 


a  5200  » 
B  6500  " 
=  2100 
=  15760  ■ 
g  750  " 
*  16520  Iba. 


Width  of  footing  renuired  =  MM2  m  4.75  feet, 

3500 

MaKe  footings  5*0"  wide. 


Projcotion  =  5*0»  -  V9*   -  iqI  inches. 

2      —   2 

M  =  3500  X  19.5  =  68500  inch  lbs. 


d2«  68500  X  6  -  53  inohes.   d  =  7  inches. 
12  X  650 

MaXe  footing  =  2»6»  deep. 


A  =    68500  X  8     s,16. 
7  X  18000  X  27  "'   ' 

Use  1/2  inch  sqiare  twisted  bars,  12  inch  centers, 
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DESIGN    0?   CKIifltEY  STACK. 

9elf:ht  r  110  feet   (Asmiraed  for  draft). 

^Ise  J?'6»  square  in  the  clear. 

Use  4*  fire  brick  and  3»  air  space  around  flue, 

for  a  height  of  30  "0      (see  Ordinance.) 
Ordinance  thicKnesp;  of  walls  will  toe  u«ed. 

▼or  section  of  stack,    see  Figure  No.      \S 

Weight  per  foot  of  wall: 

120  X  26  =      5120   Ihs. 
170  X   56  =      6120      » 
210   X   28  =      7980      • 
250  X   10  =      2500      » 
Total        *   19720      » 

Total  weight  of  wall: 

19720      JJ'IO"   X  2-i-2(7»10»  -  4* 2*)h:  453500  lbs. 
weigiht  Of  fire  brick  =  40  x  50  xS'lO-     14000     " 
Foundations,    (aspumed)  S5000     * 

Total  502500      » 

Bearing  area  reouired  «  ^Q^^^Q  =  14S  square  feet. 

3500 

Use  footing  12  feet  by  12  feet. 
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DE5ICTI  07   yOOTIN C. 


U   =  hfh^   =  1  X  5500  X  -STW^x  12  =  90500  Inch  lb8. 
2       2 


^,/.90500x6, 
I  650  X  12 

Use  d  =  2«-S».      D  =  2»-6". 


A  =  — 90500  X  8 =  ^  21S  square  Inches. 

7  X  18000  X  27 

Use  2.  Inch  square  twieted  bars  at  12  feet  centers, 
both  ways.     Bend  alternate  bars. 


PESIQI    OF   0?3TTlgR  PORTION. 


11  =  hrh^  =  1  X  S500  X  2.5  X  2.5  X  12  =  52800   inch  lbs, 
8  8 

Ag  =  52800  X  8 _     078  square  inches. 

7  X  18000  X  27 

Bent  up  alternate  bars  will  take  care  of  this  moment. 
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PBSIOW    0?   LIHTELS: 

(SIE  ?IGUEE  }iO,\A+o  11 
LINTEL  No.    1. 


Typical  Curtain  Walls. 
l2»-0"   Openings. 
I'-l"  Wall. 
No  floor. 


Load  «   150   lbs.    X  12  X  4*5  =  7020   lbs. 
Use  7   inch  I  beam  15j^. 
Plate-    12»  X  S/S". 


LINTFL  No.    2. 

Wall  =   170   X   8   X  4.5 

Roof  =     50   X   9  X   8 

Total 

Use  Si-S"  channels  8^. 

One  plat©  16»  x  l/4". 


Windows  in  North  Wall  (alley) 
S'-O"  0pi-nin>^g. 
l'-5»  Wall. 
6th  Floor. 


=  6120  Iba. 
=  3GQ0   " 
=  9720  lbs. 


LIMTEL  No.  3. 


i 


Windows  in  North  Wall. 
8»-0"  Openings. 
l'-5»  Wall. 
3rd,  4th  4nd  5th  Floors. 


wall  =  170  X  8  x  4.5  =  6120  lbs. 
»loor=  225  X  8  X  9   =16200   » 
Total  22320  lbs. 

Use  one  8»  I  beam  18#, 
One  8»  channel,  11.2551^. 
One  plate  16"  x  l/4». 


.wrfl    O'Md  «(*,♦■ 


'<   "^ffO  rtp 


.">\ 


-^ V- 


^iCrVM.  NCR 


M^-^ 


^^■■■t 


L 


[ 


>   s 


A" 


i^ia'RE  lJC.i5- 


="4 


^-^-^ 


af 


&    ! 


> 


K(rL:^a  i^c.  ic. 


l-2>" 


Sj^    .___.l'rPV.._   ^   -7^ZI1 


T->^V  LAM. 


KU 


IL 


--r- 


5I(~U£fi  KC.17 


i 


<■   i 


PRSIGW  0?  lintels:  (continued) 


LINTEL  No.  4. 


Winriows  in  North  Wall. 
S'-O"  Opflnings. 
l'-9"  Wall. 
Basement,  1st  an4  2nd  Floors, 


Wall  -  glO  X  8  X  4.5  =  7560  lbs. 
Floors  280  X  8  X  9    =  20160   ■ 
Total  =  27720  lbs. 

Use  two  S"  channels,  13.25#. 
One  6»  X  6»  X  5/8*  angle. 
One  6»  X  5-l/2»  x   s/s*  angle. 
One  plate  24"  x  s/S". 
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beams: 


FORMULAE  USED   IN   BUILDIWQ  DESIGN. 
IN    AGOORDAKCE  WITH 
THE  OHICAGQ   BUILDING   ORPIN ANQJ.:. 


Timber        -     Safe  Load  «  M — t 

9  L 

Concrete     -     M_  =  f _A  Zd« 

8  »      8 


6  ® 


OOLUiflfR: 


Steel."  f  =  16000  -  VqI. 

Wrought  iron      =  12000  -  60^, 

Caat  iron  =  10000  -  60^. 

Steel  enoa!=red  i 

in  noncrete       =  1»000  -  70±. 

Timber  a  e{l  -  -1l>). 

80  D 

CONCRETE   slab: 

M  =  -s^^^  *'^'*  ^^"^  slab. 

y  r-l-WL^  for  partially  continuous  slab, 
10 

M  i-i-WL^  for  totally  continuous  slab, 
12 


h 


GEWEPAL  yORJJUTiAE  FOR  7LEXURE  OF  BEAifS. 

Notation. 
A  =  area  of  section  in  sqnarf*  Inches. 
b  «  brearith  of  beam  in  Inchen. 
C  =  eoeffioient  of  fltron>5th. 
d  =  depth  of  beam  In  Inches, 

D  z   deflection  of  beam  in  Inches  due  to  loads  £  or  P.. 
E  =  modulus  of  elasticity  In  pounds  per  square  irwh. 
f  =  stress  in  pounds  per  =?Quare  inch  in  extreme  fibres. 
I  =  moments  of  inertia  in  inches. 
L  =  span  in  feet. 
1  «  span  in  inches, 
M  =  benilng  moment, 
N  =  ooefficipnt  of  deflection, 
n  =  distance  of  center  of  gravity  of  section  from 

extreme  fibre,  in  inches, 
P  =  load  in  pounds  concentrated  at  any  point. 
S  *  section  modulus  in  inches, 
s  a  allowable  shear  in  direction  of  the  grain,  in 

pounds  ver   square  inch. 
W  =  load  in  pounds  uniformly  distributed, 
w  =  load  in  pounds  per  lineal  foot  of  span. 


yORtfULAE. 
For  rectangular  or  square  beams  with  neutral  axis 
perpendicular  to  the  depth  at  center: 

12         **   n    6 

SAFE  LOADS. 
(I)  For  beani  supported  at  both  ends  and  uniformly  loaded: 


(1)  M  =  H,  hence    W  =  M§.. 
8  1 


\^c< 


i\ 


GENFRAL   FORtfULAE   FOR  fLEXURE   OF  BFJ^MS-f eontlmif^d) 
SAFE  LOADS   (continued) 

(ID     For  beam  supported  at  both  ends  with  concentrated  load 
applied  at  center  of   SBpan: 

<S)     **  =  PI,  hence  P  «  i|^ 

4  ^ 

(4)  C  =  ip,  where  1  ■  12",  therefore  C  «  ^  . 

(III)  For  beam  supported  at  both  ends  i?ith  concentrated  load 

applied  in  two  equal  parts  at  third  points  of  span: 
where  P  •  sum  of  the  two  equal  loads, 

(5)  U  =  P  m  1.  hence     P  =  ^. 

2  3  1 

(6)  0  =  ^^  where  1  =  IR",  therefore  0  -  A^ 

The  safe  load  for  any  span  in  feet  ~  ^,     0  corresponding 

L 

to  the  manner  of  loading. 

DEFLECT  I  OH  S. 

(IV)  For  beam  supported  at  both  pnds  and  uniformly  loaded: 

(7)  D  =  .51^  ,  hence  for  nquare  or  rectangular  beams, 

S841I 

(8)  D  «  ^llJLlll. 

EbdS 

(V)  To  find  the  load  which  will  cause  a  deflection  of  one- 

thirtieth  of  an  inch  per  foot  of  span  make  D  =  i. ,  hence 

(9)  W  =   Ebd^ 

8100  l2 


I. 
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GtM^RAL  FOTUmLAE  FOR  FLEXURE  07  BEAkS- ( oo nt inue d ) 
BRyLEGTIOHS   (contimiffd) 

(VI)  ?or  a  beam  supported  at  boith  ends  wit3i  vToncentrated  load 

applied  at  center  of  a?pan: 

(10)     r  =   .f,^,  ■  _,  hence  for  a  square  or  rectangular  beaa, 
48EI 

(11)    i)  =  i5m£. 

Etod' 

(VII)  To  find  the  load  irtiieh  will  cause  a  deflection  of  one- 

thirtieth  of  an  inch  per  foot  of  span,   inaKe  D  £  yij  bence 

(12)     P  =  _Ebd3^ 

12960L^ 

(VIII)  For  a  beani  supported  at  both  ends  with  too  equal  concen- 

trated loads  applied  at  the  third  points  of   the  span: 
where     P  =  the  sum  of  the  two  equal  load« 

(IS)     D  =     ^^^^ — ,  heiK®  for  a  square  or  rectan^lar  beam 
1296EI 

(14)      D=S68WL1 

Ebd^ 

(IX)  To  find  the  lo.Ad  which  will  produce  a  deflection  of  one- 

thirtieth  of  an  inch  per  foot  of  span  maXe  r  =3^7  *  henea 

(15)   P  =  ^^^  ■ 

11040L2' 
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GENERAL  yORmn.AE  FOR  yLEXURE  OP  BEAMS-(oontlmed) 

coE?yicigiT  oy  defIiEction. 

Th«  coefficients  of  ceflection  given  in  the  tables  or 
properties  of  beams,   loill  and  laminated  floors  were 
obtained  by  the  following  fornBilae: 
(X)         For  uniformly  rtistlibuted  load  (7): 
(16)     —^^^ 


76.8EI 


(XI)   For  load  concentrated  at  center  of  span  (10): 
(17)  -  Pi' 


48EI 


(XII)  For  two  equal  loads  concentrated  at  thJrd  points  of  span, 
(tot! 

(18) 


(total  load  =  P),   (IS): 

25Pi' 


1296EI 

In  all  of  the  above, 
W  and  P  =  1000  pounds. 
1  =  12   inches. 

These  coefficients  are  the  deflections  in  inches,  of 
a  beam  one  foot  long  with  a  load  of  1000  pounds. 

The  deflection  of  a  beam  for  any  load  and  span  is  the 
product  of  the  proper  coefficient,  the  cube  of  the 
span  in  feet  and  the  number  of  1000  pound  units  in 
the  given  load. 


f  \ 
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GMKRAL  yORMULAE  FOR  FLEXURE  OF  BEAMS~f continued^ 

MAXItfUM   SPANS   FOR  BEAMS. 
MILL   f»-D  LAMINATED  FLOORS. 

(XIII)  For  a  b«am  uupported  at  both  ends  and  uniformly  loaded: 

the  unlfornily  difJtributed  load  s  wL. 

(19)  J2|£  =  41henec 

8    12 

(20)  l2  s  2fS  , 

Sw 

(XIV)  For  a  beam  mipported  at  both  ends  with  concentrated 

load  applied  at  center  of  apan: 

(21)  ^al^  hence 

4    12 

(22)  !»  =  §  • 

(XV)  For  a  beam  supported  at  both  ends  with  two  equal 

concentrated  loads  applied  ^t  the  third  points  of  span: 

P  «  sura  of  two  equal  loads 
(2S)  ^=11  .  hence 

(24)  h     '     S§., 


:^    S    .- 


GBtERAL  yORMULAS  FOR  FLEXURE   OF   BSAMS-(oontinU€>d) 

SPANS  LIMITEP  BY  A    GIVEW    DKFLEOTIQH. 

Deflection  lliaited  to  one- thirtieth  of  an  inch 
per  foot  of  span. 

(XVI)  For  a  beam  supported  at  both  ends  and  uniformly  loaded: 

In  forimla  (9)     make  W  =  wL  henoe 

(25)  L^  ■  g^^ 

8100  w' 

(XVII)  For  a  beam  supported  at  both  ends  with  concentrated 

load  applied  at  center  of  span: 
Prom  foriuula  (12) 

(26)  l2  »  _I5^i_. 

12960  P 

(rvill)  For  a  beam  supported  at  both  ends  with  two  equal 

concentrated  loads  applied  at  the  third  points  of  span: 
From  fornaila  (15) 
P  =  the  eurc  of  th«  two  equal  loads. 

(27)  l2  =  _IML. 

11040  P 


GENERAL   yORMULAF  FOR  FLIXUPE  OF  BEAUS-( continued) 

HORIZONTAL   SHEAR. 

The  intensity  of  thp  pihearing  Rtref??^  at  ?tny  point  In  a 
section  is  th-  sa>Tie  for  the  vertical  shear  and  the 
horizontal  shear. 

The  maximum  horizontal  Bhear  for  «  equare  or  rectangular 
beam,  per  unit  of  neutral  mirfaee,   ie 

in  which 

V  =  the  vertical  «hear  in  the  section. 

For  syoucetrically  loaded  beams  substitute 

w 

—  =  ?  and  substitute  s  «  H,  then  the  safe  load 

2 

liaiitcd  by  the  resistance  to  horizontal  shear  is 
(29)     w  =  iMa  . 

The  load  limited  by  the  resistance  to  horizontal  shear 
l8  the  maximum  load  that  can  be  safely  applied  to  the 
beam. 


7    »1 


SPECiyiCATIONS. 


Th«  -following  flpftcificsitions  cover  thft  ifsms  of 
0#»n<pral  Coniitions,   Masonry,   R«inforc«»4  Oonorete,   Carpentry, 
Structural  Stwel  anrl  Iron,   fireproof  Doore,   Fireproof 
Windows,  Corapoaition  Roofing  and  Autornatie  sprinkler  System. 

They  are  intended  to  cover  only  the  f5tructural  and 
Fireproofing  features  of  the  building. 

No  attempt  is  made  to  give  a  complete  eet  of 
specifications,   covering  the  entire  ;Job,   and  therefore, 
the  items  of  Sheet  Metal,  Lathing  and  Plastering,    Class 
and  Glazing,  Painting,   Elevators,   Klectrie  Wiring,   St«aaj 
Heating,    and  Plumbing  and  Sewerage  a24  not  incliided. 


5PFCIFI  CATION  5 
OOVERZNC  AIIB   APPLYING  TO   ALL   KINDS   0?   MATKRIALS   AND 
ALL   BRANCHES    OF  WQHK   FOR   A   WAREHOUSE   BUILDING  TO   BE 
CONSTRUCTED   AT    CHICAGO,    ILLINOIS.    ACCORDING  TO   DFAW- 
ING8   AND  SPECIFICATIONS. 


GENERAL   OOHDITI  ONS. 


The  Owner  reserves  the  right  to  accept  any  or  re;ject 
any  or  all  told*?, 
COMPEI'JSATIQH    AND   LIABILITY   INSURANCE 

The  contractor  shall,   at  hi??  own  expense,   comply  with 
all  requirements  of  the  worKinan's  compensation  Act  of  the  State 
of  Illinois  and  any  AB!*>niln^  Acts  thereof,    so  as  to  effectually 
protect  the  Owner  agsin.st   any  and  all   liability  under  fin^i  by 
virtue  of  said  statute. 

The  Contractor  shall,    in  addition,   protect  the  Owner 
af^ainRt  loes  or  claim  for  damages  to  persons  or  property,  which 
may  result  frosi  the  execution  by  the  contractor  of   the  worK  of 
his  contract. 
CCaiSTRTrCTION   PEPMITS, 

The  contractor  for  Masonry,   Cut  stone  and  concrete 
work  will  procure  and  pay  for  water,   street  and  building  permits 
and  bonds  and  inspection  fees  on  plumbing  fixtures. 


General  Sppciflcatlon»  (continued) 

Bach  other  Contractor  shall  procure  and  pay  for  all 
other  pernjitB,  bonds,  indemnity,  inspection,  etc.,  required  for 
the  execution  of  the  worK  of  hin  contract. 
PyiMOVAL  0*  RTJBBISH. 

The  Contractor  shall  remove  all  nibbieh  and  rejected 
material  as  ssme  accumulates  from  all  work  and  shall  endeavor 
to  maintain  the  tjuilding  in  a  neat  and  orderly  manner  during 
construction. 
EXTRA  WORK. 

The  Ovner  will  not  pay  for  any  extra  worK  unless, 
before  beginning  such  work,  the  Contractor  first  obtains  a 
written  order  signed  by  the  Engineer  and  Owner,  specifying 
the  agreed  price  for  and  the  character  and  annount  of  such  extra 
worK. 
RjeSPOHSIBIIiITY  0?  CONTRACTORS. 

This  Contractor  will  be  held  responsible  for  all 
violations  of  City  Ordinances  and  Laws  and  must  repair  or  make 
good  all  damages  to  public  or  private  property  adjoining.  This 
Contractor  irust  see  that  the  work  and  operations  of  adjoining 
property  owners  are  not  interfered  with. 


General  Specifications  -(eontlnued) 

BHORING. 

Thla  Contractor  isipt  provide  mifflolent  ahorlnfj, 
unierplnning  and  oth^^p  fnipporta  for  all  property  adjacent  to 
or  In  this  building  upon  which  the  ^pork  or  op*»ration  of  the 
adjoining  property  ownera  depend.     This  will  include  the  rail- 
road  tracKs,   paving,   nldewalK,    etc. 
7^T^S   ?0F   FAT?HTED   INVl'lJTiOHg. 

All  fee^  or  royalties  for  any  patented  invention, 
article,   or  a.TTange:Dent   that  may  be  based  upon,   incorporated  in, 
or  may  be  in  any  ra«imer  connected  with  the  woric  srhlch  in  to  be 
ftirnlHhed  under  these  ^pecifieationo,    R^all  be  included  in  the 
contT^aet  price,   and  paid  by  the  contractor,   and   the  Contractor 
shall  for  all  time  aax'e  harmless  and  indeainify  the  Owner  f<kr 
all  costs,   expenses,   attorneys  or  solicitors*    fees  and  damages, 
.7hich  the  Owner  may  incur  by  reason  of  any  infringerjent  of  any 
patent  or  patents  or  any  inventions,   article,   arrarigpriipnt  or 
systPira  or  system  used  in  the  construction,   completion  or  use 
of  the  building. 
SUB-CONTRACTORS. 

All  provisions  and  conditions  of    thene  specif Ications 
and  each  and  every  section  threof  are  equally  binding  on  all 
Tib-contractors  and  material  men. 


General  Speclflcatlonff-( cont  inued ) 

No  work  Rhall  be  sublet  without  th»=f  approval  In 
writing  of  tha  Engineer  ani  the  Owner,  No  sub-contractor  or 
Person,  rirm  or  f?orporation  furniphing  or  installing  material 
will  be  recognized  by  the  Engineer  except  as  an  eftployee  of 
the  Oontractor. 
t    CH)\NC-FS. 

SatrriBls  Tn-l  vorlc  not  accoriing  to  plans  and  Rpeci- 
fications  will  be  re;jected  and  replaced  at  Contractor's  expense, 
unless  Oontractor  haa  a  written  order  as  to  his  authority  for 
sueh  change  or  substitution. 

The  general  contractor  shall  eaploy  a  man  for  watching 
the  worK  at  all  tisses  outside  of  regular  wording  hours, 
TIME. 

Time  is  the  essence  of  this  contract  and  each  contrac- 
tor shall  employ  as  many  men  as  practicable  in  the  erection  and 
execution  of  the  worX  of  his  contr?tct,  hastening  the  same  for- 
waabd  to  completion  in  such  a  manner  as  is  consistent  with  good 
building  in  the  opinion  of  the  engineer. 
PREMISES, 

All  contractors  shall  carefully  examine  all  of  the 
premises  in  order  that  they  may  fully  understand  the  nature  of 
the  worK  and  its  scope, 
LABOR. 

Only  union  labor  is  to  be  employed  on  the  building. 


SPECIFICATIONS 
FOR 
MASONRY 
FOR  MATT^RIALS    AND  WORK   FOR   A  PTIILDING 
TO  BE   OONSTRUOTKD  AT 
qFgCAOO«    IlJ.INOlSf 
ACCORDING  TO   DHAWINGS    AND    SPECIFICATIONS. 


GHO'PAL. 

ThiB  contract  Includes  all  excavating,  graiing,  sand 
and  cinder  filling,  cut  <^tone,  brick  worK,  tilp  worX,  water- 
proofing, fire-proofing  of  steel  work,  etc.,  neoesRary  to  com- 
plete this  builiing,  according  to  these  specifications  and 
accompanying  plans. 
PFPMITS. 

TaKe  out  and  pay  fo'r  all  necesnary  permita. 
FXCAVATION.  GRADING  AND  FILLING. 

Do  all  necessary  excavating  so  as  to  be  in  all  cases 
six  (6)  inches  below  the  underside  of  floor  slab.   Excavat©  all 
trenches  for  footings,  foixndat ions,  t^tc. 

Excavate  for  pits  where  shown. 

Do  all  necessary  filling  where  required  to  come  up 

to  proper  grade. 

Grade  aM  fill  basement  area  for  cinder  filling, 
thoroughly  flooding  area  with  two  inch  stre  m  of  water  and 
tamp  earth  soli'^ly. 


Masonry  ?pPcifloatlonB-fgontln»pi ) 

Bring  basement  to  proper  grade  after  the  pipes  are  laid. 

Remove  all  excess  ^nd  s^irplus  earth  frorr.  premises, 
sidewalks  and  streets. 
g INT) ER  FILL. 

Lay  cinder  fill  over  entire  basement  area*  Fill  to 
be  six  (6)  inches  thick,  unlesf  othp*r?riBe  shown  on  plans* 

All  cinders  to  be  clean  steaio-boiler  cinders,  well 
flooderi  and  tamped. 
BASEk^ENT  FLOOR. 

Over  cinder  fill  lay  five  (5)  inch  concrete  i"loor, 
with  one  (1)  inch  top  finish  as  specified  elsewhere  in  these 
spec  if ica  tions. 
TOP  FINISH. 

The  top  finifii  for  ooncrf=te  floors,  f^iall  ronsist  of 
a  mixture  of  one  part  Portl*\nd  cement  and  two  parts  of  clean, 
coarse  torpedo  sand.  This  top  finish  shall  be  not  less  than 
one  ( 1 >  inch  thick. 
PIT. 

Lay  concrete  floor  and  cinder  fill  in  elevator  pit, 
sirnilar  to  basement  floor.  Pit  must  be  of  depth  shown  on  plans. 
All  pits  ?mi3t  be  waterproof.  Pitch  floor  to  drains. 


fe'sf^on-ry  sp«»ifications-(nontinued) 

Build  all  walls  unlepip  otherwise  called  for  or  shown, 
of  sound,  hard  burned  cornraon  hricK,  laid  with  shov<*  Joints  in 
linw'  mort>ir  tompo?^d  with  oemnnt,   bonded  into  walls  with  con- 
tinuous hftaders  <"vf>ry  i^ixth  course. 

All  Joints  exposed  in  finished  work  will  be  flush. 

Lay  all  bricX  above  roof  in  cement  mortar;  this  in- 
cludes tank  tower,  chimney,  etc. 

BricK  throughout  the  building  shall  be  laid  in  lime 
tenipered  raortar,  containing  len  per  cent  (1Q4>)   cement  unless 
otherwise  call'*i  for  on  pl^ns  or  specified. 

All  walls  extending  above  roof  to  have  vitrified  tile 
coping  set  in  c^njent  mortar,  unless  otherwise  shown  or  specified. 

Build  ledges  for  the  support  of  floors  and  corbel  out 
under  girders,  floors,  and  concrete  worK,  where  shown. 

All  proper  holes  and  recesses  must  be  left  or  cut  in 
walls  for  steam  pipes,  drains,  gas,  electric  and  water  pipes, 
as  directed  on  the  Job  by  the  superintendent,  or  as  shown  on 
plans. 

Lay  in  cement  mortar,  all  piers  in  driveway,  ^nd  where 

shown  on  plans. 


MoPTonry  specif ic-gtons-fcontlnupf^ ) 

FAOB  BHICK. 

Facp  entire  front  of  building  ani  returns,   with  faoe 
bricK,    to  be  laid  in  mortar  a«lpf»tpd  by  Owner. 

Base  estimate  on  fe  ce  brioK  worth  Eif^hteen  Dollars 
($18.00)  per  thousands 

The  fac«*  brick  shall  be  sele.Tted  face  bricX,   of  shape 
•=4nd  color  acceptable   to  the  Owner.     Thp  bricK  rajRt  be  f?ecurely 
tied  to  construction.     Joint r  to  be  raked  Joints,   approved  by 
the  fniperintendent. 
CHIIflJEY, 

Build  chimney  of  common  hricK  laid  in  cement  niortar, 
of  ntr.e  as  shown  on  plans.      Provide  chimney  ?7lth  concrete  cap. 

Line  chimn*^y  with  four  (4)   Inch  fire  brick,   with  two 
(2)   inoh  air  space. 

All  cut  stone  shall  be  Bedford  limestone,  smoothly 
rubbed.  All  plain  window  sills  shall  be  6-1/2  inches  thick, 
h««.vele<i  sills  extending  t^^o  inches  into  brick  work  and  under 

ame.      Door  steps  shall  be  s«ven  (7)   inches  thick  and  full 
width  of  wall.     All  projecting  stone  shall  ha\'e  deep  drip. 

Cut  stone  shall  be  firmly  bedded  and  anchored  in  place. 


Maflorgy  speclfloatlon3-'( cont inuofi ) 

The  stone  shal]   be  cut  in  aecorianne  with  Engineer's 
ietails  ani  this  contractor  shall  submit  1/2  inch  «oaie    ?hop 
irawinga  ani  full  ?»iso  details  of  all  ornaraental  stoTie  work 
profiles  to  J<3iginfer  for  approval. 

All  ooneealed  portions  of  «tone  shall  be  coated  with 
H.I.W./llO  or  No.   S  Dehydratine  before  delivery. 
gJ.EAHING. 

?lean  iown  thoroughly  all  face  bricK  and  out  stone 
with  acid  and  wire  brunhes  and  point  all  joints  as  required. 

?nn  HOUSE. 

Build  pent  houHC  over  stair  eftiaft. 
DRIVEWAYS. 

In  shipping  cou*t,  in  rear  of  building,  run  driveway 
to  alley,  constructed  as  follows:  Excavate  to  eighteen  (18) 
inches  below  the  final  driveway  level,  slope  as  shown  on  plans, 
flood  and  tSiir^   same,  then  lay  a  bed  of  nine  (9)  inches  of  clean 
boiler  cinders;  on  top  of  that,  lay  a  base  of  seven  (7)  inch 
concrete,  mixed  in  proportion  of  1-3-5,  and  on  top  of  that, 
lay  a  two  (2)  inch  cprnRnt  fini?^  top,  made  of  2-5  mixtures,  and 
fcporrugated  with  1/2  inch  deep  grooves. 
YATFRPROO?IKG. 

All  outride  concrete  walls  in  building  b*»low  sidewalK 
grade  isjst  be  waterproofed  either  with  an  integral  waterproofing 
compound,  or  some  waterproofing  compound  applied  on  the  inside 

Of  the  wall,  all  subject  to  the  approval  of  the  Engineer. 

ft. 


ii^agoiiry  F.pecificaticns-Coontanued ) 

yiRFPRQOyiNG. 

viTiere  steel  beaian  and  iron  columns  are  Rho^fn,   rire- 
proof  urith  oonnreta:   builti  this?  r-oncrete  in  place.    In  proper 
forms  ani  well  taraped,     Tlreproof  girder  ovf-^r  driveway  solid 
with  concrete,   pro;jecting  at  least  two  (2)   inches  beyond  the 
outside  steel  orojeotion.     Vrap  low*^r  flange  of  beaicR  with 
wire  lath. 
PATOHIHG. 

All  patching  of  masom'y,   cut  etope,   concrete  or 
other  work  of  thio  contract,    ?5hall  be  done  by  this  contractor, 
n fling  p  oper  i-naterials  in  an  approved  nsanner.      Clear  off  all 
mortar  from  projecting  brick  courses ,   pipes,  beamB,   floors,    etc, 
G^ERAIi  NOTE. 

Bed  all  sillB,   plates,   anchors,  etc.,    in  mortar,   as 
reauirei. 

All  worK  naist  be  neat,   plumb,   and  accurate  as  well 
as  B^cure. 

Remove  all  rubbish  and  siirplijs  inaterial,    froxT.  huild- 
ing  nnd  premisfts  ani  leave  same  elr?an  and  in  first-class  con- 
dition at  conipletion  of  contract. 

The  above  specific a lions  with  plans,    in  intended  to 
cover  a  first-ela^s  Job  of  irHsonry  and  will  be  so  interpreted. 


SPEOI  PI  CATIONS 
FOR 
PLAIN    ANT   RFINyORCFD   CONqPJTE  WOPK 
FOR  MATEPIALS   AND  WORK  FOP   A   BUILDING 
TO  BF   OONSTPUOTFI)  AT 
CHICAGO.    ILLINOIS. 
ACCORDING  TO   DRAWINGS   AND   SPECIFICATIONS. 


SCOPF  OF  WORK. 

The??©  ppeclficationp  are  for  all  plain  and  rein- 
forced concrete  worK  in  thin  job,  mjcJi  aa  footingn,  foun- 
d?'>tion  walls,  piers  and  wallB  below  grade,  etc.,  all  as 
f«iown  on  plans  or  called  for  in  these  specifications. 
REINFOHCING  STEEL. 

All  reinforcing  bare  except  aa  hereinafter  noted, 
shall  be  either  cold  twisted  square  bars  or  hard  grade  de- 
formed square  bars  rolled  from  new  billets  and  raupt  meet 
the  requirements  of  the  standard  specifications,  aa  adopted 
by  the  Association  of  American  Steel  Manufacturers  in  1910  and 
revl*'  ed  in  1912. 
FOPMF;  AND  C)-:3^TEHING. 

All  forming  lumber  is  to  be  dressed  one  side  and 
two  edges,  and  must  be  free  from  Knot  holes.   Great  care  naiat 
be  exercised  to  obtain  tii^ht  joints  and  true  lines. 
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Concrete  Specifications- (continued) 

The  formn  are  to  be  erected  ae  far  as  possible  with 
wedges  and  muRt  be  built  sufficiently  strong  to  carry  the 
weight  of  the  concrete  without  deflection  or  bulging  of  any 
Kind.  The   foroiing  niust  b©  allowed  to  remain  in  place  until 
the  concrete  is  thoroughly  set  and  able  to  carry  its  own 
weii^ht  and  that  of  the  floor  above. 

All  forms  nil  St  be  thorou^rhly  wetted  before  the 
placing  of  consrf»te, 
\     CC3JCRFTE. 

All  concrete  required  for  this  work  shall  consist 
of  American  Portland  Cement,  sand  and  gravel. 
0EU.i3iT. 

The  ceiaent  used  in  connection  with  this  vrorK  shall 
be  a  well  established  brand  of  American  Portland  Cement,  satis- 
factory to  the  Engineers,  which  has  been  extensively  used  in 
eisilar  worK  and  tested  to  conform  with  the  requirements 
r«comniended  by  the  Ai»*rican  Society  for  Testing  Materials. 
SAND. 

All  sand  shall  be  clean,  coarse,  torpedo  sand,  *ree 
from  loam,  clay  and  vegetable  natter. 
CRUSHED  ST ONE  OR  GRAVEL. 

All  Stone  shall  be  broKen  line  stone,  free  from  quarry 
refuse  or  stone  dust,  and  of  size  to  pass  through  a  s/4  inch 
ring.   If  gravel  is  used,  it  must  be  clean  washed  gravel, 
crtished  so  that  it  will  pass  through  a  5/4  inch  ring. 
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Concrete  Specification!?- (continued) 

PROPORTIONS. 

All  concrf»te  for  footings  and  walls  shall  be  pro- 
port  ionert  one-  (1)  part  cement,    thr««  (Z)  parts  nam  anrt  five 
(5)  parts  gravel. 
MIXING  OONgRFTE. 

Concrete  shall  be  machine  mixed  in  an  approved  batch 
mixer,   acceptable  to  the  EngineerB,    all  ingredients  being  care- 
fully raea^iured  In  boxes  or  measuring  binj».      The  quantity  of 
water  shall  be   so  gauged  as  to  give  a  uniform  mixture  of  the 
consifiitency  generally  Known  ae  8'».xl-llquld  or  ■wf^'t-mix". 

Coner*^te   leaving  the  raixpr  must  be  uniform  In  appear- 
ance and  the  mixing  process  suiat  be  carried  on  until  thin  con- 
dition Ib  obtained. 
PT..Ar;lNC  nONOPFTE. 

All  forrcs  must  b«  absolutely  clean  and  free  from 
«havingft  or  foreign  matter  b*^fore  any  concrete  is  plac»»d.   All 
concrete  must  be  deposited  in  formn  within  ten  minutes  after 

leaving  mlxf»r. 

All  concrete  shall  b/=>  thorou^ly  spaded  and  sliced 
to  the  end  that  all  air,    water  pockets  and  bt^bbles  are  removed 
from  the  mixture. 


Concrete  specifications- (continued) 

PliACING  gQNaR?:TE  IH  rRKgZING  WEATHER. 

When  the  temperature  of  the  air  Is  below  45  rlegreee 
Fahrenheit,  the  water  shall  be  healed  to  a  temperature  of  110 
degrees,   when  the  teirperature  is  below  ?0  degrees  Fahrenheit , 
artificial  heat  ghall  be  used  to  assist  in  curing  the  concrete, 
and  thia  muBt  be  continued  until  such  time  as  in  the  opinion 
of  the  Engineer  the  concrete  Ia  thoroughly  curerl  and  dried 
throughout. 
SETTING  STEEL. 

Steel  najst  be  free  from  rust  scales  or  any  foreign 
substance,  althouc^h  a  thin  film  of  mist  la  not  objectionable. 

Steel  !MRt  be  properly  braced,  supported  and  other- 
wine  held  in  position  so  that  the  placing  of  the  concrete  will 
not  change  it. 
DISCONTIHUING  YORK. 

Where  one  day's  work  joias  that  of  another,  the 
Joints  shall  be  thoroughly  picked  and  washed,  also  grouted 
with  a  coat  of  neat  cement  imraedi^tely  previous  to  beginning 
new  concrete  work. 
^'EOTIVE  WOPK. 

If  any  of  the  work  is  found  defective  on  the  removal 
Of  forma,  to  a  point,  -^hich  in  the  opinion  of  the  Fnglneers 
will  materially  weaken  the  structure,  it  is  to  be  cut  out  and 
replaced  with  sound  work  in  sneh  a  way  a«  to  bring  the  building 
•up  to  its  required  strength  without  cost  to  the  Owner. 
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Concrete  SPftolfioatlona-fcontlnnp-i^ 

yOUNDATIONS. 

Ptaild  all  foundations,  piers  and  walls  up  to  lines 
indicated  on  drawings,  if  foundationa  come  over  ciRterns, 
cesspools  or  other  excavations,  fill  aanie  with  concrete  as 
required. 
PATCHIHC  AND  FINISHING. 

Aftpr  removal  of  th*:*  forms,  any  places  in  the  surface 
of  the  concrete  not  properly  filled,  are  to  be  gone  over  with 
c^nipnt  mortar  and  finished  as  near  as  possible  like  the 
portions  not  requiring  patching. 


SPECiyi CATIONS 
FOR 
CARPFNTRY 
FOR   MATJHRIALS   ANT)  WORK   FOR   A   BI?ILBING 
TO   B5!   OONSTRTJOTED   AT 
CHICAOO.    ILLINOIS. 
ACCORDING  TO   DRAWINGS   AND   SPECIFICATIONS. 


SCOPE  OF  WORK. 

This  contractor  imiBt  furnish  an?!  place,  all  Carpentry 
vork,  mill  work,  anchors  for  carpentry  and  mill  work,  hardware 
and  other  work,  as  specified  herein, 
QUALITY  OF  MATERIALS. 

All  matfTrialR  shall  be  of  the  best  o^  their  respective 
kinds,  ohtainable  in  the  Chicago  market. 
LUMBER. 

All  timbers  and  laminated  floor  materials  used  in  this 
building  shall  be  of  df^nse.  Southern  yellow  pine  and  shall  con- 
form to  the  classification  and  specification  for  Southern  yellow 
pine  as  adopted  by  the  American  Society  for  Testing  Materials, 
August  21,  1915.  The   grade  of  pine  used  shall  be  No.  1  common, 
long  leaf  yellow  pine. 

All  timber  shall  be  strictly  first  clasa,  entirely 
free  from  sap,  shall  havp  been  cut  from  live  trees ^-  sawed  true 
with  square  stralp'ht  edges,  shall  be  out  of  Find  anrJ  full  size 
and  shall  be  close  grained  and  free  from  wind  pihakeB,  unsound  or 


Oarp*"ntry  Specif icatlonB~f continued^ 

loose  knots,  numerous  Knots  or  Knot  holes,  deeayd  wood,  worm 
hole!?,  orosff  grain,  wane  or  other  defects  Impairing  its  Btrength 
or  durability. 

Before  purchasing  thl-:*  timber,  the  oontraotor  must 
notify  the  Tniginef=»r  where  the  timber  is  to  conje  from  and  obtain 
his  approval  before  purchasing  same.  Each  piece  of  tinftjer  mist 
have  stamped  on  it  name  and  location  of  mill, 

All  timbers  shall  be  dry  and  thoroughly  seasoned. 
J0I5T?;. 

All  .joists  throughout  shall  be  of  sizes  shown,  free 
from  all  imperfections  and  when  placed  into  position,  shall  be 
in  perfect  surface  with  each  other,  top  and  bottom, 

Joists  for  headers  and  trimmers  around  openings,  etc,, 
shall  be  supported  and  framed  to  each  other  or  to  girders  with 
iron  stirrups.  Joists  shall  be  well  anchored  to  walls,  fitted 
with  wrought  iron  anchor  plates  as  specified  under  ANCHORS. 

Frame  for  all  stairs  and  different  levels  of  floors. 

LAMINATED  FLOOR, 

First  and  second  floors  to  have  s*  x  8»  laminated 
flooring  of  long  leaf  yellow  pine,  securely  spiked  with  forty 
(40)  "D*  spiKes  every  twenty  (SO)  inches.  These  laminations 
shall  be  surfaced  on  three  inch  sides  and  lower  edges  beveled. 
Every  eighth  plank  to  be  spliced  at  the  center  rtf  panel. 

Whore  laminated  floors  oomie  in  contact  with  masonry 
walls,  they  shall  be  anchored  into  masonry  with  pin  anchors, 


Carpentry  specifications- (continued) 

?>»6»  long,  Rp?ieerl  4*0"   centers.  All  wood  >7earing  plates  r«ceiv- 
Inr  laminated  floor*?,  ^viaii  be  anchored  to  masonry.  All  lamin- 
ations shall  have  full  bearing  on  masonry  and  girders. 
GIRDFRS. 

Girders  shall  be  free  from  shaKes  and  large  knots  and 
free  frora  sap,  perfectly  straight,  exposed  bottom  edges  rounded. 

Built  up  girders  shall  have  oaX  or  maple  7/8*  x  4" 
separators,  bolted  with  bolts  about  5'0*  centers,  as  shown.  All 
anchors,  bolts,  straps,  etc.,  will  be  furnished  and  set  by  this 
contractor. 

Notch  bottom  of  wall  girders  to  receive  cast  iron 
bearing  plates.   Gut  girdfars  to  frame  around  columns,  as  shown 
on  plans.  Girders  at  columis  to  have  steel  straps  on  both  sides, 
POSTS. 

All  posts  shall  be  dressed  on  four  (4)  sides  not  over 
l/2»  scant.  Posts  to  be  straight  and  plurab.  Bore  I-1/2  inch 
hole  lengthwise  through  the  middle  of  each  post  and  12  inches 
from  bottom  ar^  top  l/s  inch  hole.  Corners  to  b«  beveled  off. 

All  post  caps  and  bpses  will  be  furnished  by  structural  steel 
contractor  and  are  to  be  set  by  this  contractor. 

PAPER. 

Lay  two  (2)  thicknesses  of  coated  waterproof  paper 
over  all  floors  before  receiving  finished  flooring. 


■or^t  tr 


Carpontyv  ?.pqQlflgatlons~f continued) 

FLOOP   PL.ANKS. 

All  Stories  abovf>  aflcond  floor  to  have  surfaced  one 
side  2-5/8 "  X  5-1/4*  #1  coifiaion  loiig  leaf  yellow  pine  planKs, 
tongued,  grooved  ani  r>eaded,  knovrn  as  factory  flooring,  blind 
nailed  for  under  floor. 

All  floors  abovp  baseruent  to  have  Kiln  dried  f'l  conmon 
factory  ra%ple,  free  from  looBe  knots,  sap  spots  and  defects. 

This  flooring  ;hall  be  2-I/4"  face,  Is/lC*  thick,  tongued  and 
grooved  on  Bides  an^T  heading  joints.  Place  a  z/4  inch  quarter 
round  at  walls  and  around  posts. 
R0075. 

All  roofs  to  be  covered  with  long  leaf  yellow  pine 
cards,  2-5/8"  X  5-1/2"  and  blind  nailed.  They  shall  be  well 
seasoned,  surfaced  on  both  sides,  tongued,  grooved  and  beaded. 

Pitch  roof,  as  indicated. 
TLOOT?  TOR  gI.EYATOR  PENTHOUSE. 

Build  three  (3)  inch  yellow  pine  planK  flocr  for 
elevator  machine  floor  in  penthouse.  Elevator  contractor  will 
furnish  ateel  beass.  This  contractor  to  rurnish  tinber  beams, 
where  necessary. 


5t. 


CARPFNTPY  SpeclflGatlon^-f continued) 

PLATyPRM  /.ROmi)  SPRINKLFP  TANK. 

Build  three  (S)  inch  ypllow  piiif  plank  platform,  1»6» 
wiie  around  sprinKler  tank  on  nupporta  fwrnishei  by  others. 
Also  htjlld  a  froRt  proof  boxing  for  niain  sprinkler  rizer 
above  roof. 
WIHD0W5. 

All  fireproof  wan-^owe  will  be  nirniahed  by  another 
contractor. 

All  rfinainlng  v/inrJows  in  all  stories  and  above  roof, 
exempt  where  otherwise  marked  on  plans  or  ppecified,  to  be  box 
frames  with  l-l/s*  yellow  pln^  pulley  atiles,  ?5-l/4  inch  fstar>- 
dard  pulleys,  I-5/4  inch  pine  sashes,  g-l/2  inch  wide  with  2-1/4 
inch  rabbetted  check  rail  and  four  (4)  inch  rabbet ted  bottom 
rail;  all  to  have  extending  stiles.   Sash  raxst  be  hung  with 
Samson  solid  braided  "spot"  sash  cord.   Sash  to  have  galvanized 
iron  sockets.  ?or  size  and  design  see  plans  and  detail  drawings. 

nirnish  and  install  window  cleaning  d*»vice  on  all 
frames.   Outer  window  casing  of  box  frames  to  extend  I-1/2  inch 
into  brick  work  to  form  a  wind  stop. 

All  win-^ows  and  door  frames,  where  sane  come  in  con- 
ta^^t  with  lintels,  steel  beams  or  other  iron  work  must  be 
seared  to  the  lintels  with  lag  screws,  furnished  by  Carpenter. 


Carp«*ntry  Specifications- (contirmed) 

J5pace  bPtwefn  win-low  hea-l  ani  lintel  rniJPit  be  caulked 
with  oakum;  covor  space  with  neat  dressed  strips.  All  window 
sash  to  have  two  (2)  extra  heavy  bar  sash  lifts  and  strong  sash 
locks.  The  joint  at  inside  of  window  frarae  and  brick  jamb  naist 
be  covered  with  felted  wood  strips, 
DOORS, 

The  main  entrance  doors  and  francs  shall  be  oak. 

Frames  2-1 /2  inches  thick;  doors  2-I/4  inches  thick, 
of  three  thicknesses,  panelled  as  shown,  with  loose  wood  glaz- 
ini»  trouldings  secured  by  brass  screws.  Build  transon,  trim 
inside  and  outside  as  required.   Provide  on  each  side  of  door, 
sheet  brass  kick  plates,  door  checks;  ornamental  extra  heavy 
store  door  handles  with  cylinder  lock  and  three  loose  pin  butts; 
transom  sash  lift  and  three  he>ivy  butts  for  sash;   all  hardware 
bronae  finished. 

Toilet  room  doors  to  be  of  oak  1-3/4  inches  thick. 

PUMPERS. 

Wooden  bumpers  Inside  shipping  driveway  at  alley,  must 
be  oak,  all  to  o«  iitrongly  anchored  and  bolted  to  building  walls, 
as  sjhown  on  plans  and  as  may  be  directed  by  the  Superinxendent. 
Contractor  imist  Tarnish  all  necessary  bolts.   Outer  washers 
for  bolts  to  be  countersunk. 


OarppTitry  Specif  log  tlon9-(  continued) 

STAIRS. 

Build  stairs  as  per  plans,  in  the  most  substantial 
manner  frofc  thoroughly  seasoned  jcaterial,  treads  and  risers 
tonffued  and  grooved  togr-th^r  both  front  and  back.  All  treads 
and  risers  nosed  into  wall  strings,  wedged  and  glued  thoroughly. 

Stairs  which  are  four  (4)  feet  in  width  or  over,  must 
have  two  (2)  inch  yellow  pine  risers,  two  (8)  inch  maple  treads 
and  three  (?)  inch  yellow  pine  stringers. 

Stairs  less  than  four  (4)  feet  wide  to  have  two 
three  (3)  inch  yellow  pine  stringers,  l-s/8  inch  yellow  pine 
risers  and  1-3/8  inch  maple  treads. 
WOOD  BUCKS,  BLOCKS.  FTP. 

This  contractor  shall  furnish  all  necessary  wood 
blocks,  bucks,  grounds,  etc.,  required  around  openings, 
SI.IPES. 

Build  .Tiovable  slides  and  guides  for  coal  room  of 
two  inch  by  six  inch  lumber  for  entire  height  of  coal  room. 
WATER  GLOSKT  PARTITIONS. 

All  water  closet  partitions  to  be  of  matched  flooring 
7/8  inch  thick,  dressed,  strengthened  by  JB»  x   4*  posts  and 
2"  X  4»  tops  and  bottom  rail,  all  with  panelled  doors  l-l/s 
inch  thick  to  swing.  To  be  fitted  with  heavy  hinges,  japanned 
and  to  have  door  pulls  and  bolts. 
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Carpentry  Specif Icatlons-C continued) 

F?gUTTLl!. 

Build  a  scuttle  at  elrvator  penthouse  roof»  with 
cover  complete, 
HARDWARF. 

Thi^  contractor  to  furnifjh  and  set  all  shelf  hardware 
except  that  which  comef=!  in  connection  with  metal  doors  and 
Y/in-iows.  Provide  checKa  on  all  swinging  doors. 

All  doors  to  have  cylindf»r  locks  and  latches  anl  are 
to  be  hung  on  heavy  butts.   Sash  to  have  heavy  locKs  and  bgir 
lifts.   All  transoms  mupt  be  equipped  with  pivots  and  adjusters. 

Provide  clothes  hooks  on  toilet  stall  doors. 
UIsr;yT.L/.NFOTT^. 

^hen  roof  is  corcpletfd  on  building,  enclose  all  open- 
ings, put  on  tPiaporary  ioors  an-l  locks  for  outside  doors;  do 
all  nf^cessary  carpenter  norK  in  connection  with  pipe  fitting, 
sprinkler  system,  plumbing,  iron  work,  etc.  Furnish  and  run 
all  beaded  boards,  where  directed;  box  in  pipes,  make  good  all 
damages  to  wood  work,  cover  all  exposed  cut  stone  and  tighten 
all  bolts,  etc. 
PRItllNG. 

All  fraroes  shall  be  primed  with  oil  all  sides  before 
being  brought  to  the  building. 


Carpentry  Speelfications-^cont  inupd) 

ANCHORS.  STRAPS.  ETC. 

This  contractor  Ir  to  furnish  an'l  install  Joist  and 
girder  straps  as  detailed,  anchors  for  laminated  flooring, 
anchors  for  wooden  plate  unier  laminations,  etc.  Laminated 
floor  anchors  2   feet  6  inches  long,  four  feet  centers  running 
into  masonry  with  pin  in  walls, 
GMgRAL  NOTES. 

In  al  1  work,  set  all  nails  well,  leave  wood  clean 
and  wr-il  sand-papered. 

All  york  naist  be  neat  plumb  and  accurate,  as  well 
as  se>?ure. 

Ease  all  sash  and  doors  needing  attention,  to  the 
satisfaction  of  the  0«»ner  before  completion  of  i^ntract. 

Remove  all  rubbish  from  premises  and  leave  all  clean 
=.nd  in  first  class  condition  at  completion  of  contract. 

The  above  specifications  with  plans  is  intended  to 
cover  a  first-class  Job  of  carpentry  and  will  be  so  interpreted. 
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SPECIFICATIONS 
FOR 
STRUCTURAL  STEEL  AND  IRON 
FOR  MATERIALS  ANT)  WORK  FOR  A  BUILDING 
TO  BE  CONSTRUCTED  AT 
CHICAGO.  ILLINOIS. 
ACCORDING  TO  DRAWINGS  AND  SPECIFICATIONS. 


SCOPE  OF  WORK. 

This  contract  shall  furnish,  fabricate  and  erect  and 
install  In  place  all  structural  steel  and  cast  iron  worK  required 
for  the  construction  of  the  building  as  shown  on  the  drawings 
and  as  hereinaftf^  fipecified. 

Thifl  work  inoludea  girder  over  driveway,  nteel  lintels, 
cast  iron  columns  in  boiler  room,  steel  post  cape,  eaet  iron 
post  bases,  steel  beams  for  sprinRler  tanK  supports,  girder  and 
joist  wall  plates,  wheel  guards  and  all  other  structural  steel 
or  iron  work  shown  or  called  for  on  plans. 

This  contractor  shall  hoist  and  place  all  his  material. 
yPRK  NOT  INCLLT>£D. 

This  contract  does  not  include  reinforcing  bars. 

The  miscellaneous  and  ornamental  iron  will  be  ftirnished 
by  another  contractor,  and  the  specifications  for  this  work  shall 
be  consulted  by  this  contractor. 


structural  ste^l  ani  Iron  Specific at Ions- ( cont Inuei ) 

HOLES  FOR  ANr^HORS. 

T?i«  contractor  ahall  accurately  locate  and  punch  or 
drill  all  holes  required  for  properly  anchoring  the  brioK  and 
stone  work. 
WAGOH  WHEEL  GUARDS. 

Furnish  two  cast  iron  wheel  guards  at  piers  in  ship- 
ping court,  8«iae  to  extend  on  both  sides  of  pier  and  to  be  of 
s/4*  metal,  not  less  than  20"  high,  and  to  have  at  lea»t  6* 
horizontal  preelection  at  the  base.  Provide  on  top  of  sarae,  seats 
to  receive  4"  x  4"  «  s/S"  corner  angles. 
POST  GAPS.  BASFS.  ETC. 

This  contractor  is  to  provide  all  post   japs  built 
and  of  sizes  shown  on  plans,  aolumn  bases  to  be  of  east  iron 
as  shown.  Wall  bearing  plates  to  be  of  steel  for  steel  beacas 
I  or  girders,  and  cast  iron  for  wooden  girders  or  joists. 
BFAM8. 

All  bean»  whrrpe  shown  niust  be  of  sufficient  length  to 
give  proper  bearing  on  bricXworK  (not  to  exceed  125j^  per  square 
inch).  Drill  all  necf^ssary  holes  for  other  connections. 

GIRPgRS. 

Second  floor  girders  over  driveway  must  have  double 
east  iron  separators,   spaced  not  more  than  five  feet  apart. 
Girders  resting  on  e^sonry  pierH  roust  have  steel  bearing  plates 
figured  on  basis  of  12!^  per  square  inch  bearing  on  nasonry. 


structural  steel  and  Iron  Spec if lcation8-( continued) 

COLUifflS. 

Provide  caet  iron  colujnna  in  boiler  room,  as  shown  on 
drawingR,  The  capit  iron  columns  with  the  bottom  and  top  plateB 
turned  off  at  ends  exactly  perpendicular  to  axis?  of  colurun. 

Provide  brackets,  plates,  dowels,  etc.,  all  as  shown 
to  receive  wood  columns  and  girders.  All  cant  iron  imat  be 
tough  gray  iron,  free  from  injurious  cold  short  or  blow  holes. 
LINTELS. 

Lintels  oust  be  provided  as  shown  on  plans  or  called 
for  in  these  specifications.  Use  caet  Iron  separators  where 
two  or  more  structural  shapes  other  than  angles,  are  used. 

If  two  angles  are  used,  they  imist  be  either  riveted 
or  connected  with  wrouKht  iron  separators.  Lintels  to  have  not 
less  than  8"  bearing  over  walls.  Provide  holes  in  all  windows 
and  door  lintels  with  5/8"  lag  screws  to  secure  wooden  frames 
and  window  franse  heads. 

PAIHTISG. 

All  iron  and  steel,  before  leaving  the  shop,  shall  be 
thoroughly  cleaned  of  all  loose  scale,  dirt,  rust  and  oil,  and 
shall  then  receive  one  cost  of  paint,  as  hereinafter  specified. 

In  the  riveted  woric,  surfaces  coming  in  contact, 
bottoms  of  bed  plates,  bearing  plates  and  all  portions  inacces- 
sible after  erection,  shall  receive  two  coats  of  paint. 


Strixctiiral  St^el  an't  Iron  Speolx^ications-Ccontinued) 

AftRr  the  stmeturp  iff  erectfti,    all  i7iu<l,   dirt, 
plaster,    <"tc.,    that  may  have  aoou'tilaterl  during  erection 
shall  hf  rpraoved  ani  all  abrasions  in  the  first  coat  of  paint 
shall  bp  r«^touched;    then  the  entire  structure  shall  be  painted 
with  one  ad'iitlonal  coat  of  paint,   as  specified. 
SHOP   DRAVIHGS. 

Before  work  is  ooauxpnced  on  this  building,    this  con- 
tT^ctor  shall  at  his    own  expense  prepare  a  complete  set  of 
working  drawings  and  erection  plans  subject  to   the  approval 
of  th**  Fjifrineers.     riopies  of  two  sets  of  these  drawings  shall 
be  furnished  to  the  Engineers  without  expense  to  them. 

All  structural  steel  must  conform  to  the  manufacturer's 
StaiidaTd  specification  for  medium  steel  as  given  in  the  Carnegie 
Steel  aoinpany's  PocXet  Oompanion  of  1915.      Details,   where  not 
specially  shown  on  drawings,   must  be  made  to  develop  the  full 
strength  of  the  meraber  connected  under  the  load  3t> plied,    in 
accordance  with  the  rjity  Ordinance. 
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SPECiyi CAT IONS 
FOR 
FIREPROOF   noOES   AND   mSGELLANEOUS   IRON   VORK 
^0Y>.   MATERIALS    ANT  WORK   FOR   A   BUILDING 
TO  BE   C0NSTKUC5TED   AT 
CHICAGO.    ILLINOIS, 
/s^TORDING  TO   DRA'^^IKGS    AND   SPECI^'ICATIONS. 


SCQPg   OF   ypRK. 

This  contract  includles  all  Iron  and  steel  worK  In 
the  building  not  called  for  in  the  Btructural  iron  and  steel 
nppoif ication!?.     Thi*i  contractor  must  fatuiliarize  himself 
with  the  latter  specifications  and  figure  all  thf»  iron  and 
steel  iforK   not  raentioned  therein. 
FT.KVATQR   SHAFT.    FRAMFS   AND   PILLB. 

The  doors  to  all   freif^ht  elevator  shaft  openings, 
with  the  exception  of  the  door«  in  the  hasement,   shall  be 
counterbalanced  freight  elevator  doorp,   shall  carry  the 
Underwrit#?r'3  label  of  approval,    and  be  equipped  with   aelf- 
closlng  device. 

The  door  to  the  baseicent  opening  of  freip'ht  elev- 
itor  ftiaft  shall  be  ateel  rolling  door,   equipped  with  m^e 
llnK  antorsatie  closing  device  and  carry  the  ilnderv/riter*« 
labf»l  of  approval. 


;X00n    ■^T.nctrTcrTT 
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Th«  jareb  guards  to  all  fr«='l>Tht  ^levator  shaft 
oppnlnga  shall  be  cons true tert  of  6"  x  6"  x  s/S"  angle  Jamba, 
4*  0»  high,  locate<l  whp>r«  shown  on  plans.  The  sill  plate  to 
all  freight  elevator  shaft  openings  shall  be  marie  of  5/16* 
cheoKerftfl  steel  plate  reinforcei  with  angle  irons.  The  sill 
shall  be  extended  three  (2)  iufihes  over  floor  and  three  (z) 
Inehes  beyond  jambs  for  protection  of  flooring. 
RQJ.LIHQ  STKEL  DOORS. 

All  rolling  steel  doors  shall  be  madp  of  No.  20 
gauge  galvanized  steel,  interlocking  slats  anrJ  shall  coil 
directly  above  th^  opening  in  No,  20  gauge  galvanized  steel 
hodd.  These  doors  are  to  be  equipped  with  an  endless  chain 
hoisting  device  to  raise  and  lower  them.  Where  required  by 
the  Underwriters' ,  these  doors  shall  bear  the  label  of  the 
Underwriters'  Laboratories, 

At  each  opening  where  rolling  steel  shutters  are 
called  for,  this  oontraetor  shall  furnish  and  set  in  place, 
4''  X  4"  X  s/8"  angles  on  all  four  (4)  corners  of  the  op«=!ning 
in  brieK  walls.   Angles  to  extend  the  full  height  of  opening 
and  to  be  provided  with  anchors  so  that  they  can  be  anchored 
into  tha  bricK. 


Fireproof  Boors,    etc.,    Spf^clf icationB- ( cont inaed ) 

At  each  of  the«:e  openings,   this  contractor  3h?Hll 
Ipto  furnlRh  a  s/lB"  diamond  plate  riill  exteniin/r  throu/?h   the 
opening,   properly  reinforced  on  thf'  othrr  fiip  with  an  angle 
iron  which  ^hall  he  provided  with  anchors.     These  shall  be 
built  into  the  bricK. 
IRON    POORS    AND  7RAMFS, 

At  each  opening  wh^r^'  iron  doors  are  called  for  on 
thfi  plans,   furnish  and  s'^t  in  plaoe  a  single  swingins    o.    12 
iron  door  properly  reinforced  with  angle  iron  and  hung  to 
angle  iron  frame.      Doors  will  swing  as  indicated  on  the  plans. 

Fach  frame  shall  he  equipped  with  5/I6  inch  diamond 
plate  frtpel  sill  extending  through   the  opening  and  reinforced 
on  both  sides  with  r?teel  angl*»s  and  each  door  ahall  be  equipped 
with    spring   r^hecK  and  suitable  locX  or  locking  device, 
yiRg  ESOAPF. 

Furnish  and  set  in  place  wh^re  shown,   one  stairway 
fire  escape  and  counterbalance  i^hich  shall   be  accnptable  to 
the  rjity   and  on  completion,   bave  same  Inspected  by  Oity  and 
furniRh  city  acceptance  to  Owner. 

FIRE  FSCAPg   DOORS. 

At  openings  leading  to  fire  escape,   ftirnlsh  and  set 
In  place,  hollow  raetal  doors  to  swing  as   indicated.   These  doors 
shall  be  hting  on  4"  x  4*  x  s/8»  steel  angle  frames  which  shall 
be  built  into  briolCTorK. 


HlltK' 


yJTV proof  Doora^  etc. .  ?;ppotfloatlong-roontinnftrt^ 

Kach  frame  l5»  to  have  a  1/4  inch  rhecKered  plate 
sill  extpnllng  throu;^  the  opening.  The  upper  half  of  each 
ioor  to  be  panelled  with  ribbed  wire  glaas.  Hardware  for 
each  door  to  be  furniRhed  and  set  by  this  contractor  and  to 
be  standard  hardware  for  this  class  of  door  and  acceptable 
to  the  city  and  the  Underwriters. 
PTNT  HOUSE  POORS. 

P«*nt  houpte  doors  to  be  located  and  sTmng  as  shown 
on  plans.  These  doors  shall  bp>  constructed  the  aarne  as  the 
stair  doora  and  shall  be  equipped  with  suitable  lock  or  looK- 
ing  device.  Each  door  shall  have  franie  and  sill,  the  same  ae 
th<»  stair  doors. 
TANK  WALL  HAILIKG5  AND  LAPT^gR. 

Provide  two  inch  gas  pipe  railings  and  posts  around 
sprinMer  tank.  Bolt  posts  to  sts^l  beams  supporting  tank. 
Provide  a  stepl  ladder  from  main  roof  to  sprinkler  tank 
platform.  Ladder  shall  be  built  of  3"  x  s/8"  uprights  and 
s/4»  square  rungs,  placed  not  nior«  than  14"  centers. 

On  completion  and  before  final  payment  is  icade,  this 
contractor  shall  hav*?  all  rolling  doors,  stair  :3oors,  freight 
elevator  doors  and  othnr  fire  doors  throughout  the  builriing 
inspected  by  the  Chicago  Board  of  Tire  Underwriters  and  to 
furnish  to  the  Owner  a  certificate  of  acceptance.   All  of  the 
above  work  must  alio  be  acceptable  to  th«  Protection  Mutual 
?ire  Insurance  Coispany, 


ill«nj»ct  ii<f 
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SPECinCATIONS 
FOP 
FIF.FPPOOr   WINDOWS 
FOP   k/TJRiALS    AN13  WORK   FOR   A   BUILDING 
TO  BE   CONSTPUCTBD  AT 
CHIgAGQ.    ILLINOIS^ 
ACCORDING  TO   DRAWINGS   AND   SPECIFICATIONS, 


SCOPE  OF  WORK. 

This  contractor  shall  furnish  and  place  all 
fireproof  windows  f?hown  on  drawings  or  spiscified  herein, 
including  all  m^e^f^ary  anchors. 

^IPEPPOQF  WINDOWS. 

All  windows  marXed  on  plana  "Fireproof  Windows*  or 
*F.«.  *,  which  include*?  windows  in  North  and  West  elevations 
and  above  roof,  to  be  standard  closing  and  locking  type,  all 
sa!^  standard  pivoted  on  trunnions  and  must  be  arranged  so 
that  it  can  be  revolved  for  cleaning.  Every  sash  is  to  be 
eqtiipped  with  fusible  linX  and  the  sash  when  open  held  in 
position  by  a  chain  at  the  upper  end,  with  proper  extension 
to  allow  operation  from  floor. 

All  window  sash  and  frame  to  be  made  of  ^24  gal- 
vanized iron,  given  a  priming  coat  of  red  lead  and  oil, 
inside  and  outside,  before  delivery  to  building  and  glaze 
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yireproof  Vlniows  SpeclflcatlonB- ( c ont inue i ) 

on  oomplfltlon  of  building  with  1/4  inch  ribbed  wire  glass. 

Frames  to  be  securely  anchored  to  walls. 

All  hardware  to  be  standard  Underwriters'    Hardware, 

All  sills  must  be  filled  solid  with  a  rich  Portland 
cement    •oncrp'te.      All  metal  windows  iaiat  be  straight,    true  and 
out  of  wind  so  aa  to  close  tlpht  to  frames  and  contractor  must 
make  same  weather-tight  and  guarantee  same  for  one   (1)  year. 
5?;tting  frames. 

This  contractor  is  to  do  all  setting,   fitting  and 
eaulKlng  and  frames  must  be  promptly  set  as  the  walls  go  up, 
without  causing  any  delay  to  other  contractors. 
5PE0IAL   CONDITIONS. 

All  Of  the  foregoing  maierial  and  work  is  to  be  coaft- 
pleted  with  all  appurtenances  and  fixtures  required  and  to  be 
acceptable  in  every  respect  to  City  Building  Bepartraent  and 
National  Board  of  Fire  Underwriters  of  Chicago,   to  obtain  the 
lowest  possible  rate  of  insuramoe. 

OFFICIAL   APPROVAL. 

The  contractor  must  procure  Chicago  Board  of  Fir© 
Underwriters'    acceptance  and  have  the  approval  tags  of  the 
National  Board  of  Underwriters'   Laboratory  attached  to  each 
window  and  will  not  be  pain  for  this  work  until  final  inspect- 
ion is  made  and  final  certificate  of  Inspection  Issued  and 
filed  with  the  Owner. 
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SPEOiyiCATIONS 
FOR 
OOMPOSITIOH    ROOyiNG 
FOR 
tfATBRIALS   AKD  WORK   FOR   A  BUILIiING 
TO  Bi:  CON  STRUCT  FT)  AT 
CHICAGO,    ILLINOIS. 
ACCORDING  TO   DRAWINGS    AND  SPECIFICATIONS. 


SCOPF  OF  WORK. 

This  contractor  must  furnish  all  coinponltion  roofing 
for  main  roof  and  roof  over  p«nt  houses.   Also  furnlah  all 
necessary  flashing  connections  to  down-spouts,  etc.,   not 
includ*^  in  the  sheet  metal  specifications.   All  the  work  jmist 
be  done  according  to  Master  Roofers  Standard  Specifieatioas, 
FFI.TING. 

Over  entire  roofs,  use  one  thioKness  of  rosin  sized 

sheathing  paper. 

First  lay  five  thicKnesses  of  #2  wool  roofing  felt, 
I  weighing  not  less  than  fourteen  pounds  (single  thickness)  to 
the  square  of  one  hundred  feet.   This  felt  to  be  smoothly  and 
evenly  laid  and  well  cemented  together,  mopping  not  less  than 
twenty  inches,  between  each  layer,  with  best  roofing  cement, 
using  not  less  than  ISO  pounds  of  roofing  cement  to  the 
fiquare  of  one  hundred  feet.   All  joinings  along  th«  walls  and 
around  the  openings  to  be  carefully  made.  Then  cover  the  entire 


COMPOSITION    ROO?IHG  SFECIFI CATIONS- (continued) 

surface  with  a  coating  of  roofing  cement  qni   screened  gravel, 
to  the  squsrp  of  one  hundred  feet,  using  nott  lesa  than  one-aixth 
Of  a  cubic  yard  of  gravel.     The  gravel  to  be  what  vrlll  pass 
through  not  larger  than  a  s/S"  n»sh  screen  and  to  be  free  from 
sand  and  loam. 

Edges  to  down  spouts,   coniuctor  heads  and  gutters 
well  turned  down,    and  secured  to   the  roof  in  the  best  manner. 

Flashing  for  sXylighta  to  cover  the  entire  wooden  curb^ 

coat  fire  walls  to  coping  with  tar, 
BECOATING. 

After  all  oth^r  contractors  have  completed  yorK  on 
roof,   all  gravel  and  dust  to  be  swept  from  the  roof  of  thia 
building,  after  which  cover  the  entire  surface  with  a  coating 
of  roofing  cement,   and  screened  and  washed  gravel, 
GUARANTEE. 

This  roof  to  be  guaranteed  in^writing  for  a  term  of 
five  years.     This  guarantee  to  be  filed  with  the  mgineer 
before  final  payiaent  is  made. 
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SPECIFICATIONS 
FOR 
AUTOMATIC   SPRINKLER   SYSTEM 
FOR  A  BUILDING  TO  BE  CONSTRUCTED  AT 
OHIGAGO.    ILLINOIS. 


The  General  Conditions  form  part  of  these  Specifications. 
PERICCTg. 

This  wntractor  will  procure  and  pay  for  all  permits, 
inf?pection  eprtific'^^tes,    etc.,   necesRary,   all  aoeorriing  to  City 
Ordinances,    the  Associated  Factory  Mutual  Inmirqnc*  Company* « 
nileo,   and  the  rules  of   the  Chicago  Board  of  Fire  Unierwritera. 
SCOPE. 

This  contractor  nuat  install  complete  a  one  source 
automatic  sprinkler  equipment.     Entire  work  to  he  laid  out  «o 
as  to  he  accpptahle  to  the  Associated  Factory  Mutual  Insurance 
company  and  the  Chicago  Board  of  Fire  Underwriters.     It  must 
includp  a  coffipl^te  ;job  of  sprinkler  work,   done   in  a  neat  and 
worKiTianllke  manner, 
SPRINKLERS. 

The  number  of  pprinklers  required  for  this  building 
should  be  obtained  by  this  contractor  from  the  above  mentioned 
inmirance  ooinpanies. 


Autorcatie  Sprinkler  System  Specif icatlonp-foontlnnwd^ 

Separate  controlling  valves  and  drains  to  be  provided 
for  loaiing  course  and  for  other  snjall  portions  of  the  building 
arubject  to  freezing  temperature. 

The  contractor  to  gtate  in  hia  bid,   the  number  of 
Bprinklera  he  intends  to  put  in, 
DEVICES, 

All  devices  and  materials  used  in  equipment  to  be 
acceptable  to   the  A-^nociated  Factory  Mutual  Pire  Insurance 
Coaipaniec;  of  New  j;ngland  and  Fir©  Uhdlerwriters. 
PIPB  SIZES. 

To  be  in  aocordamoe  with  Unrierwriter  and  Mutual  1895 
Schedule  and  all  pipes  must  ttrain  to  riaers. 
HASGKRS. 

To  be  of  acceptable  pattern  and  adapted  to  construction. 
FITTINGS, 

All  fittings  used  in  main  water  connections  to  be  of 
long  turn  pattern  and  f larked  whf^re  necessary. 
GAUOes. 

Install  the  necessary  gauges  at  base  of  f^prinkler 
system  risers  and  for  tanX  and  pump,  also  raerotiry  gauge  for 
gravity  tanK, 


AutOTTintlc  Sprinkler  Syntem  Sp<»clflGatlon8-f continued) 

VALVBS. 

Gate  valves  to  be  of  the  0,  s.  4  Y.  pattern,  cheok 
valves  to  be  of  the  Btralghtway  swing  pattern  and  where  unde3>- 
ground,  to  be  in  pits  easy  of  aooess, 
yiT.T.ING  PUMP. 

?\irnish  and  install  fifty  (50)  gallon  Electric  Tilling 
Pump,  including  foundation  and  nuctlon  frors  City  main.  Wiring 
outlet  to  be  left  within  ten  (10)  feet  of  pump  by  othfrs. 
BASIHS. 

This  contractor  to  build  necessary  valve  basins  for 
his  worK  and  furnish  covers  for  same, 
HFATRP. 

Provide  heater  for  tank  to  meet  the  conditions. 

WATER  SUPPLIES. 

TANK. 

Erect,  twenty  five  (25)  feet  above  roof,  a  thirty 
thousand  (30,000)  gallon  gravity  tank,  to  be  built,  fitted, 
connected  and  erected  in  accordance  with  Underwriters'  re- 
quirements. ?rom  tank  run  elprht   (8)  inch  pipe  direct  to 
underground,  installing  the  necessary  valves.  Provide  heating, 
filling,  drain  and  overflow  connections  for  tank  and  protect  any 
exposed  portion  of  tank  riser  against  freezing. 


Automatic  SprlnlcXer  System  Specif  JGationa-f  Gontlnufi  ^ 

5TFAUKR   CONNECTIONS. 

Provif1«»  <1ouhle  Riamesp  pt«=praer  oonneotlonn  to 
sprinKlpr  .^rystem, 
ALARMS. 

Provide  standard  8y<=;tftm  of  alarms  from  system,   with 
gongs  at  base  of  risers  and  upon  alternating  floors,   connected 
to  annunciator. 
CONNECTION   TO   CITY  MAIN. 

Make  three   (5)   inch  connection  to  City  main,   inn  tail- 
ing the  necessary  valves. 
UNDgRGPQlJND  W  RK. 

All  pipes  and  fittings  unriergrouni  to  he  east  iron 
of  standard  wei>:?ht  and  thickness,    thoroughly  leaded  and  caulked 
and  placed  deep  enou^  in  ground  to  prevent  freezing  and  hreaKagc, 
to  be  tested  wh^n  laid  and  proven  tight  to  hydrostatic  pressure 
of  two  hundred  (POO)  pounds  per  square  inch  for  one   (1)  hour. 

Provide  connection  to  sewer.      Excavate  all  trenches 
for  undergrotiAd  work, 
APPRO  VAT.. 

Fntir«?  eouip.TieTit,  whnn  corapl<^te,  to  be  subject  to  the 
inspection  and  ®;proval  of  the  Protection  Mutual  Fire  Insurance 
Goiapahy  c^    Chicago,   and  the  Chicago  Board  of  ?ire  Underwriters. 
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